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(57) Abstract 

Method and composition for distinguishing different-sequence polynucleotides electrophoretically in a non-sieving medi- 
um. In practicing the method, there are formed one or more different-sequence poiynucleotide(s) which contain (i) a detectable 
reporter label and (u) an attached polymer chain which imparts to each different-sequence polynucleotide, a distinctive ratio of 
charge/translational frictional drag. The different-sequence polynucleotides which are formed are fractionated by capillary elec- 
trophoresis in a non-sieving matrix and detected according to their observed electrophoretic migration rates. The method can be 
used for DNA sequencing and for detecting one or more selected sequences in a sample. 
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PROBE COMPO SITION AND METHOD 

1- Field of the Invention 

The present invention relates to a probe 
composition, and to methods of using the composition 
for detecting selected sequences in a target 
polynucleotide . 
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20 3 * Background of f.ho t^,^^ 

A variety of DNA hybridization techniques are 
available for detecting the presence of one or more 
selected polynucleotide sequences in a sample 
containing a large number of sequence regions, m a 

25 simple method, whir* »i< 

labelmg, « fragment containing a selected sequence 
is captured by hybridization to an immobilized probe. 
The captured fragment can be labeled by hybridization 
to a second probe which contains a detectable 

30 reporter moiety. 

Another widely used method is Southern blotting. 
In thi. method, a mixture of DNA fragments in a 
sample are fractionated by gel electrophoresis, then 

35 lilt ° n . a K nitrOCellul °- ^Iter. By reacting the 
35 fxiter wxth one or'more labeled probes under 
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hybridization conditions, the presence of bands 
containing the probe sequence can be identified. The 
method is especially useful for identifying fragments 
in a restriction-enzyme DNA digest which contain a 
given probe sequence, and for analyzing restriction- 
fragment length polymorphisms (RFLPs) . 

Another approach to detecting the presence of a 
given sequence or sequences in a polynucleotide 
sample involves selective amplification of the 
sequence (s) by polymerase chain reaction (Mullis, 
Saiki) . m this method, primers complementary to 
opposite end portions of the selected sequence (s) are 
used to promote, in conjunction with thermal cycling, 
successive rounds of primer-initiated replication. 
The amplified sequence may be readily identified by a 
variety of techniques. This approach is particularly 
useful for detecting the presence of low-copy 
sequences in a polynucleotide-containing sample, 
e.g., for detecting pathogen sequences in a body- 
20 fluid sample. 

More recently, methods of identifying known 
target sequences by probe ligation methods have been 
reported (Wu, Whiteley, Landegren, Winn-Deen) . m 
one approach, known as oligonucleotide ligation assay 
25 (OLA) , two probes or probe elements which span a 
target region of interest are hybridized with the 
target region. Where the probe elements match 
(basepair with) adjacent target bases at the 
confronting ends of the probe elements, the two 
elements can be joined by ligation, e.g., by 
treatment with ligase. The ligated probe element is 
then assayed, evidencing the presence of the target 
sequence. 

In a modification of this approach, the ligated 
probe elements act as a template for a pair of 
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complementary probe elements, with continued cycles 
of denaturation, reannealing and ligation in the 
presence of the two complementary pairs of probe 
elements, the target sequence is amplified 
5 geometrically, allowing very small amounts of target 
sequence to be detected and/or amplified. This 
approach is also referred to as Ligase Chain Reaction 

10 oe„.t There " " 9r ° Win9 " eed ' in the <* 

■ genetic screening, for methods useful in detecting 

the presence or absence of each of a large number of 

sequences in a target polynucleotide. For example 

as many as iso different mutations have been 

associated with cystic fibrosis, m screening for 

rtest C P " di ! P0Siti0n t0 thiS disSa "< " i- °Pti-l 

»JT the possible different » ene Se ^« 

mutates in the subject's genomic DNA, in order to 
■nake a positive identification of a "cystic 
fibrosis", ideally, one uould like tQ ^ 

presence or absence of all of the possible mutation 
sites in a single assay. 

readir 63 ! P ! i ° r - art methods "escribed above are not 
readily adaptable for use in detecting multiple 

25 ! T Se5UenCSS in * ""venient, automated single- 

ZZ " " theref ° re d6Si " ble t0 

rapid, single-assay format for detecting the presence 

or absence of multiple selected sequences in a 
polynucleotide sample. 

30 the th In T*" teChnlCal arM ' atte " PtS t0 in «— 
30 the throughput and degree of automation in DNA 

sequencing has led to the development of sequencing 
approaches making use of capillary electrophoresis 
e.g. Huang et al. Anal. Chem. , Vol. 64, pgs. 
2149-2154 ,l 99 2 ); swerdlow et al. Nucleic Acids 
35 Research, Vol. is, p gs . i4i 5 -i 419 (1990) , and ^ 
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like. A major impediment to the widespread 
application of these approaches is the requirement 
that gels be used in the separation medium of the 
capillaries, it is still very time consuming and 
difficult to load and/ or form gels in the capillaries 
that have sufficiently uniform quality for reliable 
and convenient sequencing. High speed DNA sequencing 
for either diagnostic applications or for genomic 
analysis would make a major advance if means were 
available that permitted differently sized 
polynucleotides to be separated electrophoretically 
in a non-sieving liquid medium which could be readily 
loaded into capillaries without the time and quality 
control problems associated with gel separation 
15 media. 



10 



4 - Summary of the Tnvonf^. 

The invention is directed to a general method 
for altering the ratio of charge/translational 
20 frictional drag of binding polymers so that the 
binding polymers, which otherwise would have 
substantially identical ratios of 
charge/translational frictional drag, can be 
separated electrophoretically in a non-sieving liquid 
25 medium. Usually the binding polymers are 

polynucleotides or analogs thereof. Preferably, the 
charge/translational frictional drag of a binding 
polymer is altered by attaching to the binding 
polymer a polymer chain which has a different 
30 charge/translational frictional drag than that of the 
binding polymer, m accordance with the invention, 
different classes of identically-sized binding 
polymers can be separated by attaching different 
polymer chains to the binding polymers of each class 
>5 so that the resulting conjugates of each class have a 
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unique ratio of charge/ translational frictional drag. 
Conversely, different-sized binding polymers may be 
separated electrophoretically in a non-sieving liquid 
medium by attaching substantially identical polymer 
chains to each size class of binding polymer so that 
the resultant conjugates of each class have a unique 
ratio of charge/translational frictional drag in the 
non-sieving liquid medium. The latter embodiment is 
particularly applicable to DNA sequencing. 

The present invention includes, in one aspect, a 
method of distinguishing different-sequence 
polynucleotides electrophoretically in a non-sieving 
medium, m practicing the method, there are formed 
one or more different-sequence polynucleotide (s) 
which contain (i) a detectable reporter label and 
(ii) an attached polymer chain which imparts to each 
different-sequence polynucleotide, a distinctive 
ratio of charge/translational frictional drag. The 
different-sequence polynucleotides which are formed 
are fractionated by capillary electrophoresis in a 
non-sieving matrix and detected according to their 
observed electrophoretic migration rates. 

The polymer chain used in the method may be a 
substantially uncharged, water-soluble chain, such as 
a chain composed of polyethylene oxide (P E0 ) units or 
a polypeptide chain, where the chains attached to 
different-sequence binding polymers have different 
numbers of polymer units. Also included are polymers 
composed of units of multiple subunits linked by 
charged or uncharged linking groups. 

In one general embodiment, the method is used 
for carrying out nucleic acid sequencing, wherein 
mixtures of labeled polynucleotides having a common 
5 '-end are separated electrophoretically by size. 
Preferably, identical polymer chains are combined 
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with the labeled polynucleotides to form conjugates 
which are then separated by capillary 
electrophoresis. As described more fully below, 
compositions related to this embodiment include 
5 primers with attached polymer chains. In one 

embodiment, the polynucleotides terminate at their 
3 '-ends with dideoxynucleotides that are covalently 
labeled with spectrally resolvable dyes, allowing the 
3 '-terminal nucleotide of each polynucleotide to be 
10 distinguished. 

In a second general embodiment, the method is 
used for detecting one or more target sequences in a 
sample, in practicing the method, one or more 
sequence-specific probes are added to a target 
15 polynucleotide, each probe having first and second 

probe oligonucleotides which are effective to bind to 
adjacent regions in a target sequence in the target 
polynucleotide. One of the first and second probe 
oligonucleotides is derivatized with the polymer 
20 chain. The probe (s) are reacted with the target 

polynucleotide under conditions effective to bind the 
first and second oligonucleotides in each probe to 
their specific target sequences. First and second 
oligonucleotides which are bound to the target 

25 polynucleotide are then ligated under conditions 
effective to ligate the end subunits of the 
oligonucleotides when their end subunits are base- 
paired with adjacent target bases. The ligated 
probe (s) so formed are then released from the target 

30 polynucleotide, for subsequent electrophoretic 
separation and detection. 

In a preferred embodiment, the polymer chain is 
attached covalently to the first probe 
oligonucleotide of each probe, and each second probe 

35 oligonucleotide is reporter-labeled. 
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In a second preferred embodiment, the ligated 
probe (s) are amplified by repeated cycles of probe 
binding and ligation. The ligated probe (s) may be 
amplified linearly by repeated binding and ligation 
of unligated probe to the target sequence. 
Alternatively, the ligated probe (s) may be amplified 
exponentially, by repeated cycles of probe binding 
and ligation in the presence of a second pair of 
first and second probe oligonucleotides which, 
together, make up a sequence that is complementary to 
the selected ligated probe. 

In another embodiment, the second 
oligonucleotide in each probe includes two 
alternative-sequence oligonucleotides which (i) are 
complementary to alternative sequences in the same 
portion of an associated target sequence and (ii) are 
derivatized with different detectable reporters. 
This method allows the mutation state of the target 
sequence to be determined according to (a) a 
signature electrophoretic migration rate of each 
probe, which identifies the target sequence 
associated with that probe, and (b) a signature 
reporter moiety, which identifies the mutation state 
of that target sequence. 

In a third general embodiment, the method is 
directed to detecting one or more target sequences in 
a sample. In the method, one or more sequence- 
specific probes are added to a target polynucleotide, 
each probe having first and second sequence-specific 
30 primer oligonucleotides which are effective to 

hybridize with opposite end regions of complementary 
strands of a target polynucleotide segment, 
respectively. The first primer oligonucleotide in 
each probe is derivatized with a probe-specific 
35 polymer chain. The probe (s) are reacted with the 
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target polynucleotide under conditions effective to 
bind both primer oligonucleotides to the target 
polynucleotide, and target segment (s) in the target 
polynucleotide are amplified by primer-initiated 
5 polymerase chain reaction. The presence of selected 
sequences in the target polynucleotide can then be 
determined by electrophoretic separation and 
detection of the amplified sequences. 

In one embodiment, each second primer 
10 . oligonucleotide is reporter-labeled, and the 
different-sequence polynucleotide (s) which are 
electrophoretically separated and detected are double 
stranded. 

Amplification may be carried out in the presence 
of reporter-labeled nucleoside triphosphates, for 
purposes of reporter labeling the amplified 
sequences. Alternatively, the amplified target 
sequences may be labeled, in single-stranded form, by 
hybridization with one or more reporter-labeled, 
sequence-specific probes, or in double-stranded ' form 
by covalent or non-covalent attachment of a reporter, 
such as ethidium bromide. 

In a fourth general embodiment, for detecting 
the presence of one or more target sequences in a 
25 sample, one or more sequence-specific probes are 

added to a target polynucleotide, wherein each probe 
contains a first single-stranded DNA segment, and a 
second segment which includes single-stranded RNA. 
In one embodiment, the polymer chain is attached to 
the first segment, and the detectable reporter label 
is attached to the second segment. After the 
probe (s) are reacted with the target polynucleotide 
under conditions effective to bind the first and 
second segments to their specific target sequences, 
35 the hybridized probes are reacted with an RNase 
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enzyme specific for RNA/DNA substrate, to form 

ZTlitt' labeled probe(s) lacking the po1 ^- 

The probes are then released from the target 
polynucleotide for electrophoretic separation. 

in a second embodiment, the polymer chain and 
reporter label are attached to the first segment in 
each probe, and reaction of hybridized probe with the 
SNase enzyme produces modified, labeled probe which 
lacks the second segment. 

in another embodiment which uses enzymatic 
cleavage, the polymer chain and reporter label can be 
attached to a base adjacent the 5'-end of the first 
segment of each probe, and hybridized probe is 

probe ed t t0 / n2YinatiCally ClEaVe labEled base *"» 

Probe, to form a labeled probe having a distinctive 

charge/ translational frictional drag. 

or more ! emb ° diment ' *~ detecting one 

or more target sequences in a sample, a target 

polynucleotide is immobilized on a solid support. 

in one embodiment, one or more different- 
sequence probes are reacted with target 
polynucleotide, where each probe contains (i, a 
detectable reporter label and (ii) an attacned 
polymer chain which imparts to each different- 
sequence probe a distinctive ratio of 
charge/translational frictional drag. The target 
polynucleotide may be immobilized on the solid 
support before or after reaction with the probe(s). 
After the xmmobilized target polynucleotide is washed 
to remove non-specif ically bound probe, the target 
polynucleotide is denatured to release probe (s) 
hybridized to the target polynucleotide. The 
released probe (s) are then electrophoret ically 

separated and detected. Preferable, 

, ^ Tererably, the probes have 

substantially the same length. 
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Also forming part of the invention is a probe 
composition for use in detecting one or more of a 
plurality of different sequences in a target 
polynucleotide. The composition includes a plurality 
of sequence-specific probes, each characterized by 
(a) a binding polymer having a probe-specific 
sequence of subunits designed for base-specific 
binding of the polymer to one of the target 
sequences, under selected binding conditions, and (b) 
attached to the binding polymer, a polymer chain 
having a ratio of charge/translational frictional 
drag which is different from that of the binding 
polymer. 

In one embodiment, each sequence specific probe 
further includes a second binding polymer, where the 
first-mentioned and second binding polymers in a 
sequence-specific probe are effective to bind in a 
base-specific manner to adjacent and contiguous 
regions of a selected target sequence, allowing 
ligation of the two binding polymers when bound to 
the target sequence in a sequence-specific manner. 
The second binding polymer preferably includes a 
detectable label, and the polymer chain attached to 
the first binding polymer imparts to each ligated 
25 probe pair, a distinctive combined ratio of 
charge/translational frictional drag. 

In another embodiment, each sequence-specific 
probe in the composition further includes a second 
binding polymer, where the first-mentioned and second 
30 binding polymers in a sequence-specific probe are 
effective to bind in a base-specific manner to 
opposite end regions of opposite strands of a 
selected duplex target sequence, allowing primer 
initiated polymerization of the target region in each 
35 strand. The second binding polymer preferably 
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includes a detectable label, and the poller chain 
attached to the first binding polymer imparts to each 
ligated probe pair, a distinctive combined ratio of 
charge/translational frictional drag. 

In another embodiment, each sequence-specific 
probe includes a binding polymer, a polymer chain 
attached to the binding polymer, and a reporter 
attached to the binding polymer. 

These and other objects and features of the 
invention will become more fully apparent when the 
following detailed description of the invention is 
read in conjunction with the accompanying drawings. 

Brief Description nf the nr^ing e 
Figures 1A-1D illustrate three general types of 
probes and probe elements used in practicing various 
embodiments of the method of the invention; 

Figure 2 illustrates methods of synthesis of 
polyethylene oxide polymer chains having a selected 
number of hexapolyethylene oxide (HEO) units; 

Figure 3 illustrates methods of synthesis of 
polyethylene glycol polymer chains in which HEO units 
are linked by bisurethane tolyl linkages; 

Figures 4A and 4B illustrate coupling reactions 
for coupling the polymer chains of Figures 2 and 3 to 
the 5' end of a polynucleotide, respectively; 

Figure 5 shows the reaction steps for adding HEO 
units successively to an oligonucleotide through 
phosphodiester linkages, and subsequent fluorescent 
30 tagging; 

Figure 6 is an electropherogram, on capillary 
electrophoresis in a non-sieving medium, of a 24 base 
oligonucleotide before (peak 1) and after 
derivatization with 1 (peak 2) , 2 (peak 3), and 4 
(peak 4) units of a hexaethylene oxide (HEO) unit; 
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Figures 7A-7D illustrate an embodiment of the 
invention in which a target sequence is detected by 
ligation (OLA) of base-matched probe elements; 

Figure 8 illustrates an idealized 
electrophoretic pattern observed in the Figure-7 
method, where a target polynucleotide contains 
mutations in two different target regions; 

Figure 9 is an electropherogram, on capillary 
electrophoresis, in a non-sieving medium, of labeled 
probes having polypeptide polymer chains, and formed 
by ligation of adjacent probes on a target molecule; 

Figures lOA-loc illustrate an embodiment of the 
invention in which a mutation is detected by ligation 
of base-matched probes by ligase chain reaction (LCR) 
in accordance with the present invention; 

Figure 11 is an electropherogram, on capillary 
electrophoresis in a non-sieving matrix, of labeled 
probes having polyethylene oxide polymer chains, and 
formed by LCR reaction; 

Figures 12A-12B illustrate the steps in a second 
embodiment of the invention, using primer-initiated 
amplification to produce double-stranded labeled 
probes; 

Figures 13A and 13B illustrate an alternative 
method for labeling amplified target sequences formed 
in the Figure-12 method; 

Figures 14A and 14B illustrate steps in a third 
general embodiment of the invention, using reporter- 
labeled nucleotide addition to the target-bound 
probes to form labeled probe species; 

Figures ISA and 15B illustrate another method of 
modifying known-sequence polynucleotide fragments, in 
accordance with the method of the invention; 
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Figures 16A-16C illustrate an alternative method 
for forming modified, labeled probes, in accordance 
with the method of the invention; and 

Figures 17A and 17B illustrate an alternative 
method for forming modified, labeled probes, in 
accordance with another embodiment of the invention. 

Figs. 18A-18B illustrate an embodiment of a 
probe ligation method in accordance with the 
invention; 

Figs. 19A and 19B illustrate another method for 
forming modified, labeled probes, in accordance with 
the invention; 

Figs. 20A-20C illustrate another embodiment of 
the invention, wherein probes are hybridized to a 
target polynucleotide immobilized on a solid support. 
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Detailed DescriniHon of t h(a T m, OW f^ n 
!• Definitions 

M A target polynucleotide" may include one or 
more nucleic acid molecules, including linear or 
circularized single-stranded or double-stranded RNA 
or DNA molecules. 

"Target nucleic acid sequence" or "target 
sequence" means a contiguous sequence of nucleotides 
in the target polynucleotide, a "plurality" of such 
sequences includes two or more nucleic acid sequences 
differing in base sequence at one or more nucleotide 
positions. 

"Sequence-specific binding polymer" means a 
polymer effective to bind to one target nucleic acid 
or sequence subset sequence with base-sequence 
specificity, and which has a substantially lower 
binding affinity, under selected hybridization 
conditions, to any other target sequence or sequence 



15 

subset in a given plurality of sequences in the test 
sample . 

"Different-sequence polynucleotides" refers to 
polynucleotides containing different base sequences 
and/or different number of bases. 

The "charge" of a polymer is the total net 
electrostatic charge of the polymer at a given pH; 

The "translational frictional drag" of a polymer 
is a measure of the polymer's frictional drag as it 
moves electrophoretically through a defined, non- 
sieving liquid medium. 

"Non-sieving matrix" means a liquid medium which 
is substantially free of a mesh or network or matrix 
of interconnected polymer molecules. 

A "distinctive ratio of charge/translational 
frictional drag" of a probe is evidenced by a 
distinctive, i.e., unique, electrophoretic mobility 
of the probe in a non-sieving medium. 

"Capillary electrophoresis" means 
electrophoresis in a capillary tube or in a capillary 
plate, where the diameter of separation column or 
thickness of the separation plate is between about 
25-500 microns, allowing efficient heat dissipation 
throughout the separation medium, with consequently 
low thermal convection within the medium. 

A "labeled probe" refers to a probe which is 
composed of a binding polymer effective to bind in a 
sequence-specific manner to a selected target 
sequence, a polymer chain which imparts to the 
binding polymer, a distinctive ratio of 
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charge/ translational frictional drag, and a 
detectable reporter or tag. 

A "reporter" or "label" or "reporter label" 
refers to a fluorophore, chromophore, radioisotope, 
or spin label which allows direct detection of a 
labeled probe by a suitable detector, or a ligand, 
such as an antigen, or biotin, which can bind 
specifically and with high affinity to a detectable 
anti-ligand, such as a reporter-labeled antibody or 



10 avidin. 



As used herein, the term "chain terminating 
nucleotide" refers to a nucleotide or analog thereof 
which prevents further polynucleotide chain 
elongation, or extension, after it has been 
15 incorporated into a growing DNA chain by a nucleic 
a C1 d polymerase. Usually, the chain terminating 
property of such nucleotides is due to the absence or 
modification of the 3' hydroxyl of the sugar moiety. 
Preferably, the chain-terminating nucleotides are 
20 2',3'-dideoxynucleotides. 

As used herein, the term "spectrally resolvable" 
an reference to a set of dyes means that the 
fluorescent emission bands of the dyes are 
sufficiently distinct, i.e. sufficiently 
non-overlapping, that target substances to which the 
respective dyes are attached, e.g. polynucleotides, 
can be distinguished on the basis of the fluorescent 
signal generated by the respective dyes by standard 
photodetection systems, e.g. employing a system of 
band pass filters and photomultiplier tubes, or the 
like, as exemplified by the systems described in U.S. 
patents 4,230,558, 4,811,218, or the like, or in 
Wheeless et al, p gs . 2 l-76, in Flow Cytometry: 
Instrumentation and Data Analysis (Academic Press 
35 New York, 1985) . ' 
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As used herein, the term "nucleoside 
triphosphate precursors" refers to deoxyadenosine 
triphosphate (ATP) , deoxycytidine triphosphate (CTP) , 
deoxyguanosine triphosphate (GTP) , and thymidine 
5 triphosphate (TTP) , or analogs thereof, such as 
deoxyinosine triphosphate (ITP) , 
7-deazadeoxyguanosine triphosphate, and the like. 

II* Probe Composition 
10 This section describes several embodiments of 

probes designed for use in the present invention, in 
the typical case, the probe is part of a probe 
composition which contains a plurality of probes used 
for detecting one or more of a plurality of target 
sequences, according to methods described in Section 
III. The probes described with reference to Figures 
IB and 1C are representative of probes or probe 
elements which make up probe compositions in 
accordance with the present invention. 
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A. Probe structure 

Figure 1 shows a probe 20 which is one of a 
plurality of probes used in one embodiment of the 
method of the invention. As will be seen below, a 
probe composition containing a probe like probe 20 is 
designed for use in a "probe-extension" method of 
identifying target sequences, such as the sequence in 
region 24 of a target polynucleotide, indicated by 
dashed line at 26 in Figure 1A, or in a "probe- 
capture" method for identifying such target 
sequences. Both methods are discussed in Section IV 
below. 

9 

Probe 20 includes an oligonucleotide binding 
polymer 22 which preferably includes at least 10-20 
bases, for requisite basepair specificity, and has a 
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base sequence which is complementary to region 24 in 
target polynucleotide 26, with such in single- 
stranded form, other probes in the composition have 
sequence specificities for other target regions of 
known sequence in the target polynucleotide. In a 
preferred embodiment, the binding polymers of the 
different-sequence probes all have about the same 
length, allowing hybridization of the different 
probes to the target polynucleotide with 
substantially the same hybridization reaction 
kinetics and thermodynamics (T m ) . 

Other binding polymers which are analogs of 
polynucleotides, such as deoxynucleotides with 
thiophosphodiester linkages, and which are capable of 
base-specific binding to single-stranded or double- 
stranded target polynucleotides are also 
contemplated. Polynucleotide analogs containing 
uncharged, but stereoisomer ic methylphosphonate 
linkages between the deoxyribonucleoside subunits 
have been reported (Miller, 1979, 1980, 1990, 
Murakami, Blake, 1985a, 1985b) . a variety of 
analogous uncharged phosphoramidate- linked 
oligonucleotide analogs have also been reported 
(Froehler) . Also, deoxyribonucleoside analogs having 
achiral and uncharged intersubunit linkages 
(Sterchak) and uncharged morpholino-based polymers 
having achiral intersubunit linkages have been 
reported (U.S. Patent No. 5,034,506). Such binding 
polymers may be designed for sequence specific 
binding to a single-stranded target molecule through 
Watson-Crick base pairing, or sequence-specific 
binding to a double-stranded target polynucleotide 
through Hoogstein binding sites in the major groove 
of duplex nucleic acid (Kornberg) . 
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The binding polymer in the probe has a given 
ratio of charge/translational frictional drag, as 
defxned above, and this ratio may be substantially 
the same for all of the different-sequence binding 
5 polymers of the plurality of probes making up the 

probe composition. This is evidenced by the similar 
migration rates of oligonucleotides having different 
sizes (numbers of subunits) and sequences by 
electrophoresis in a non sieving medium. 
10 The oligonucleotide binding polymer in probe 20 

is derivatized, at its 5' end, with a polymer chain 
27 composed of N subunits 28. The units may be the 
subunits of the polymer or may be groups of subunits. 
Exemplary polymer chains are formed of polyethylene 
15 oxide, polyglycolic acid, polylactic acid 
polypeptide, oligosaccharide, polyurethane, 
polyamide, polysulf onamide , polysulf oxide, and block 
copolymers thereof, including polymers composed of 
units of multiple subunits linked by charged or 
20 uncharged linking groups. 

According to an important feature of the 
invention, the polymer chain has a ratio of 
charge/translational frictional drag which is 

25 di l f T nt frOD ^ ° f ^ b±nding pol ** er ' *n the 
25 method of the invention, detailed in Section IV 

below, the probes are treated to selectively modify 

those probes bound in a sequence-specific manner to a 

target sequence, to produce modified, labeled probes 

having a distinct ratio of charge/translational 

30 frictional coefficient, as evidenced by a distinctive 

electrophoretic mobility in a non-sieving matrix, as 

discussed in Section III below. As will be discussed 

below, the distinctive ratio of charge/translational 

frictional drag is typically achieved by differences 

m the lengths (number of subunits) of the polymer 
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chain. However, differences in polymer chain charge 
are also contemplated, as are differences in binding- 
polymer length. 

More generally, the polymers forming the polymer 
chain may be homopolymers, random copolymers, or 
block copolymers, and the polymer may have a linear, 
comb, branched, or dendritic architecture, in 
addition, although the invention is described herein 
with respect to a single polymer chain attached to an 
associated binding polymer at a single point, the 
invention also contemplates binding polymers which 
are derivatized by more than one polymer chain 
element, where the elements collectively form the 
polymer chain. 

Preferred polymer chains are those which are 
hydrophilic, or at least sufficiently hydrophilic 
when bound to the oligonucleotide binding polymer to 
ensure that the probe is readily soluble in aqueous 
medium. The polymer chain should also not affect the 
hybridization reaction. Where the binding polymers 
are highly charged, as in the case of 
oligonucleotides, the polymer chains are preferably 
uncharged or have a charge/subunit density which is 
substantially less than that of the binding polymer. 

Methods of synthesizing selected-length polymer 
chains, either separately or as part of a single- 
probe solid-phase synthetic method, are described 
below, along with preferred properties of the polymer 
chains. 

In one preferred embodiment, described below, 
the polymer chain is formed of hexaethylene oxide' 
(HEO) units, where the HEO units are joined end-to- 
end to form an unbroken chain of ethylene oxide 
subunits, as illustrated in Figure 2, or are joined 
by charged (Figure 5) or uncharged (Figure 3) 
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linkages, as described below, other embodiments 
exemplified below include a chain composed of N I2mer 
PEO units, and a chain composed of N tetrapeptide 
units. 

B * Probe Cn iDOsitinne 

This section describes three additional probes 
or probe-element pairs which are useful in specific 
embodiments of the method of the invention and which 
themselves, either as single probes or as probe sets, 
form compositions in accordance with the invention. 

Figure IB illustrates a probe 25 which has a 
sequence-specific oligonucleotide binding polymer 21 
designed for sequence-specific binding to a region of 
a single-stranded target polynucleotide 23. By this 
is meant that the binding polymer contains a sequence 
of subunits effective to form a stable duplex or 
triplex hybrid with the selected single-stranded or 
double-stranded target sequence, respectively, under 
defined hybridization conditions. As will be seen 
with reference to Figure 17 below, the binding 
polymer may contain both DNA and SNA segments. 
Attached to the binding polymer, at its 5' end, is a 
polymer chain 31 composed of N units 33, which 
imparts to the binding polymer a distinctive ratio of 
charge/translational frictional drag, as described 
above. The 3' end of the binding polymer is 
derivatized with a reporter or tag 39. in one 
aspect, the invention includes a composition which 
includes a plurality of such probes, each with a 
different-sequence binding polymer targeted against 
different target regions of interest, and each with a 
distinctive ratio of charge/translational frictional 
drag imparted by the associated polymer chain. 
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Figure 1C illustrates a probe 32 which consists 
of first and second probe elements 34, 36 is 
designed particularly for detecting selected 
sequences in each of one or more regions, such as 
> region 38, of a target polynucleotide, indicated by 
dashed line 40, 

In the embodiment illustrated, the sequences of 
interest may involve mutations, for example, point 
stations, or addition or deletion type mutations 
• involving one or a small number of bases, m a 
typical example, the expected site of mutation is 
near the midpoint of the known-sequence target 
region, and divides that region into two subregions. 
in the example shown, the mutation is a point 
station, and the expected site of the mutation is at 
one of the two adjacent bases T-G, with the T base 
defining the 5' end of a subregion 38a, and the 
adjacent G base, defining the 3' end of adjacent 
subregion 38b. As will be seen below, the probe 
elements are also useful for detecting a variety of 
other types of target sequences, e.g., sequences 
related to pathogens or specific genomic gene 
sequences . 

Probe element 32, „ hich ls representatlve Qf ^ 
first probe elements in the probe composition, is 
composed of an oligonucleotide binding polymer 
element 42 which preferably includes at least 10-20 
bases, for requisite basepair specificity, and has a 
base sequence which is complementary to a subregion 
38a xn the target polynucleotide, m particular, the 

to T T le0t " e a " Selected f ° r **** P^ing 

to the 5' end nucleotide bases of the corresponding 
subre gi on, e.g., the A:T matching indicated. The 
oligonucleotide in the first probe element is 
derivatized, at its 5' end, with a polymer chain 44 
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composed of N preferably repeating units 45, 
substantially as described with respect to chain 27 
formed from units 28. As described with respect to 
probe 20, the polymer chain in the first probe 
5 element imparts a ratio of charge/translational 
frictional drag which is distinctive for each 
sequence-specific probe element in the composition. 

Second probe element 36, which is also 
representative of the second probe elements in the 
10 probe composition, is composed of an oligonucleotide 
polymer binding element 46 which preferably includes 
at least 10-20 bases, for requisite basepair 
specificity, and has a base sequence which is 
complementary to a subregion 38b in the target 
15 polynucleotide, in particular, the 5' end nucleotide 
bases are selected for base pairing to the 3' end 
nucleotide bases of the corresponding subregion, 
e.g., the C:G matching indicated. 

As seen in Figure 1C, when the two probe 
elements are both hybridized to their associated 
target regions, the confronting end subunits in the 
two probes, in this example the confronting A and C 
bases, are matched with adjacent bases, e.g., the 
adjacent T and G bases in the target polynucleotide. 
In this condition, the two probe elements may be 
ligated at their confronting ends, in accordance with 
one embodiment of the invention described below, 
forming a ligated probe which contains both 
oligonucleotide elements, and has the sequence- 
specific polymer chain and a reporter attached at 
opposit ends of the joined oligonucleotides. It 
will be recognized that the condition of abutting 
bases in the two probes can also be produced, after 
hybridization of the probes to a target region, by 
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removing overlapping deoxyribonucleotides by 
exonuclease treatment. 

for example, at its 3' end, with detectable reporter 
• such as reporter F indicated at 48 in Figure ^ ' 
Preferably the reporter is »„ „„..< , 
,„ . «, =P°rier is an optical reporter, such 

as a fluorescent Molecule which can be readily 

tZZTi « 3n ° PtiCal dSte0ti0n SySte »- * of 
standard fluorescent labels, such as FAM, JOE TAMRA 

and HOX, which can be detected at different ' 

IZtT' 0 " MVelen9ths ' and «thods of reporter 
attachment to oligonucleotides, have been reported 
(Applied Biosystems, Connell, . 

In one embodiment, each probe includes two 

s S ubunit P ba 0be elSmentS ' elSDent » — 

wil^ ! Se9USnCe WhlCh b " e P air »«h a 
IlemeTh *"* ^ "»»"*- - • ««"d 

b asep~r a " «*-=e which can 

ThHwo alt a ". eXPeCted nutati °" ^ the seguence. 
The two alternative elements are labeled with 
distinguishable reporters, allowing for positive 

each target region, as will be described in Section 
elL«s° W ; AlternatiVe »' «- two second probe 
reporters "'V 0li ~ e °"^> -Y have the same 
IT !: ^ first dements have polymer 

chains which impart to the two probe elements' 
different ratios of charge/translational fricUonal 
drag, allowing the two target regions to be 

distinguished on the basis of electrophoretic 

mobility. 



Figure 10 shows a probe 50 which is 
representative of probes in a composition designed 
for use in another embodiment of the method of the 
3S invention. Th e probe, „ hich consists of first ^ 
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second primer elements 52, 54, is designed 
particularly for detecting the presence or absence of 
regxons in a double-stranded target polynucleotide 
whxch are bounded by the primer-element sequences, 
in the example shown in Figure ID, the region bounded 
by the prxmer sequence is indicated at 56, and the 
two strands of a double-stranded target 
polynucleotide, by the dashed lines 58, 60. 

in ^ Primer el6ment " ' WhlCh is representative of 
10 the fxrst primer elements in the probe composition, 

is composed of an oligonucleotide primer element 62 
whxch preferably includes at least 7-15 bases, for 
requisite basepair specificity, and has a base 
sequence which is complementary to a 3 -end portion 
15 of regxon 56 in one of the two target strands, in 
thxs case, strand 58. 

The oligonucleotide primer is derivatized, at 
its 5' end, with a polymer chain 64 composed of N 
preferably repeating units 66, substantially as 
20 described with respect to chain 27 formed from units 
28. as described with respect to probe 20, the 
polymer chain in the first probe element imparts a 
ratxo of charge/translational frictional drag which 
is dxstxnctive for each sequence-specific primer 
25 element in the composition. 

Second primer element 54, which is also 
representative of the second probe elements in the 
probe composition, is composed of an oligonucleotide 
prxmer element 68 which also preferably includes at 
30 least 7-15 bases, for requisite basepair specificity, 
and has a base sequence which is complementary to a 
5'end portion of the opposite strand- in this case 
strand 60, of the duplex DNA forming region 56. The 
second primer element may be labeled with a 
5 detectable reporter, as described above. 
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£*™*-ly, I—ling can occur after formation of 
ampl lfl ed target sequences, as described below. 

' Methods of preparing polymer chains in the 

probes generally follow known poller subunit 
synthesis methods. Methods of forcing selected- 
length PEO (polyethyleneoxide, chains are discussed 
below, and ^tailed in Examples w . Ihese 
which involve coupling of defined-size, multi-subunlt 
poller units to one another, either directly or 
through charged or uncharged linking groups , are 
generally applicable to a wide variety of pollers 
such as polyethylene oxide, polyglycolic acid 
polylactic acid, polyurethane pollers, and 
oligosaccharides . 

The methods of polymer unit coupling are 

e SU g tab co e D fil SyntheSi2ln9 Sel ~^-^ copolymers, 
e.g., copolymers of polyethylene oxide units 

alternating with polypropylene units. Polypeptides 
of selected lengths and amino acid composition 
either homopolymer or mixed polymer, can be 
synthesized by standard solid-phase methods, as 
outlined in Example 5. 

„™ WgUre 2 illUstrates °ne method for preparing 
PEO chains having a selected number of HBO uL s As 
shown ln the figure, HBO (hexaethylene oxide, is 
protected at one end with dimethoxytrityl (DMT) and 
activated at its other end with metane'sulfo^e 
The actuated HEO can then react with a second DMT- 
protected HEO group to form a DMT-protected HEO 
darner. This unit-addition is carried out 
successively until a desired PEO chain length is 
achieved. Details o, the method are given in Example 
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Example 2 describes the sequential coupling of 
HEO units through uncharged bisurethane tolyl groups 
Briefly, with respect to Figure 3, HEO is reacted 
with 2 units of tolylene-2,4-diisocyanate under mild 
5 conditions, and the activated HEO is then coupled at 
both ends with HEO to form a bisurethane tolyl-linJced 
trimer of HEO. 

Coupling of the polymer chains to an 
oligonucleotide can be carried out by an extension of 
10 conventional phosphoramidite oligonucleotide 

synthesis methods, or by other standard coupling 
methods. Figure 4A illustrates the coupling of a PE0 
polymer chain to the 5' end of an oligonucleotide 
formed on a solid support, via phosphoramidite 
15 coupling. Figure 4B illustrates the coupling of the 
above bisurethane tolyl-iinked polymer chain to an 
oligonucleotide on a solid support, also via 
phosphoramidite coupling. Details of the two 
coupling methods are given in Examples 3B and 3C 
20 respectively. ' 

Alternatively, the polymer chain can be built up 
on an oligonucleotide (or other sequence-specific 
binding polymer) by stepwise addition of polymer- 
chain units to the oligonucleotide, using standard 
solid-phase synthesis methods. Figure 5 illustrates 
the stepwise addition of HEO units to an 
oligonucleotide formed by solid-phase synthesis on a 
solid support. Essentially, the method follows the 
same phosphoramidite activation and deprotection 
0 steps used in building up the stepwise nucleotide 

addition. Details are given in Example 4. Example 5 
describes a similar method for forming a selected- 
length polypeptide chain on an oligonucleotide. 

As noted above, the polymer chain imparts to its 
5 probe, a ratio of charge/translational frictional 
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drag which is distinctive for each different-sequence 
probe. The contribution which the polymer chain 
makes to the derivatized binding polymer will in 
general depend on the subunit length of the polymer 
5 chain. However, addition of charge groups to the 
polymer chain, such as charged linking groups in the 
PEO chain illustrated in Figure 5, or charged amino 
acids in a polypeptide chain, can also be used to 
achieve selected charge/ frictional drag 
10 characteristics in the probe. 
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111 * Electrophoretie K* P m„+A m ot T , aKct1g> „ p _^_ 
and Oligonucleotide in Non-s^n^ „^ hm 

According to an important feature of the 
invention, probes having different-length and/or 
different-sequence binding polymers, which themselves 
cannot be resolved by electrophoresis in a non- 
sieving medium, can be finely resolved by 
derivatization with polymer chains having slightly 
different size and/or charge differences. 

For the following description, it is to 
understood that the term "probe" can be interpreted 
to include different-sequence polynucleotides. 

In one preferred approach, the probes are 
fractionated by capillary electrophoresis in a non- 
sieving matrix, as defined above. The advantage of 
capillary electrophoresis is that efficient heat 
dissipation reduces or substantially eliminates 
thermal convection within the medium, thus improving 
the resolution obtainable by electrophoresis. 

Electrophoresis, such as capillary 
electrophoresis, (CE ) is carried out by standard 
methods, and using conventional CE equipment, except 
that the electrophoresis medium itself does not 
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contain a sieving matrix. The CE protocol described 
in Example 6 is exemplary. 

Figure 6 shows an electropherogram of 
fluorescent-labeled 24-base oligonucleotide probes 
which are either underivatized (peak l) , or 
derivatized at their 5' ends with a 1, 2, or 4 
phosphate-linked HEO subunits (peaks 2, 3, and 4 
respectively) . The probes were prepared as described 
m Example 4/ and capillary electrophoresis was 
carried out in a buffer medium under the conditions 
detailed in Example 6. 

As seen in the figure, the probes are well 
resolved into four peaks, with migration times of 
20.397, 20.612, 20.994, and 21.558 minutes, m the 
absence of the polymer chains, the four 
oligonucleotide probes would migrate at the same or 
substantially the same electrophoretic migration 
rate, i.e., would tend to run in a single unresolved 
peak. (This would be true whether or not the 
oligonucleotides had the same or different sizes 
(Oliver a, Hermans) . ) 

The ability to fractionate charged binding 
polymers, such as oligonucleotides, by 
electrophoresis in the absence of a sieving matrix 
offers a number of advantages. One advantage is the 
ability to fractionate charged polymers all having 
about the same size. As will be appreciated in 
Section IV below, this feature allows the probes in 
the probe composition to have similar sizes, and thus 
similar hybridization kinetics and thermodynamics 
(TJ with the target polynucleotide. Another 
advantage is the greater convenience of 
electrophoresis, particularly CE, where sieving 
polymers and particularly problems of forming and 
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. =g erosslinked gels in a capaury ^ ^ 

Iv - Assay Mpfv,^ 
= in one aspect, the method of the invention is 

designed for detecting one or -ore different T 
regions in . target polynucleotide. Z 7^"°™ 
Z " rSt *o the target polynucleotide 

10 d "° re Se9Uen0e ~ SPMifiC "" b « °' «>e type 

10 descr lb ed above. The probes „ reacted type 

Selene' ynUClSOtlde " nditi °- fator 

sequence-specific binding of the probes to 

* hybridization T ^ typica "l' involves 

target I Elementary base sequences in the 

target and probe by Watson-cric* base pairing. 

pairing be r t ely ' hydrogen-bond 
strldL f 8 Sin9le " s trand probe and double- 

0 pair! t ^ Se9Uen " S ' Vla ^ein base 

pairing, typically i„ the major groove of the duplex 
Molecule (Kornberg,, is a i so contemplated. 

Following probe binding to the target 
polynucleotide th*> 

-dify probes bol to tt T f"* *" ^^vely 

' sequence-specific^ne' ♦ ' * 

probes e^n T ' Pr01,UCe labeled 

probes, each having a distinctive 

charge/translational frictional drag ratio. This 

legation, such as enzymatic ligation, across an 
expected mutation site, primer-initiated 
amplification of selected target sequences, probe 

t^2T°: T PreSSn0e ° f Ubeled -^-ioe 
triphosphate molecules 4. • 

bound to a target regi ' ° f * Pr ° b ° 

immobilized target " * ° n " 

ociiized target, as detailed in Subsections a-f 
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below. The labeled probes produced by selective 
modification of target-bound probes are fractionated 
by electrophoresis in a non-sieving medium, as 
discussed in Section III above. The migration rates 
5 of the modified, labeled probes can be used to 

identify the particular sequence associated with the 
labeled probes, to identify the presence of 
particular sequences in the target polynucleotide. 

10 A - Probe-Li g ation M^-t-h^ 

This embodiment is designed especially for 
detecting specific sequences in one or more regions 
of a target polynucleotide. The target 
polynucleotide may be a single molecule of double- 
15 stranded or single-stranded polynucleotide, such as a 
length of genomic DNA, cDNA or viral genome including 
RNA, or a mixture of polynucleotide fragments, such 
as genomic DNA fragments or a mixture of viral and 
somatic polynucleotide fragments from an infected 
20 sample. Typically, in the present embodiment, the 

target polynucleotide is double-stranded DNA which is 
denatured, e.g., by heating, to form single-stranded 
target molecules capable of hybridizing with probe 
binding polymers, 

25 Figure 7A shows a portion of a single-stranded 

target polynucleotide 70, e.g., the strand of a 
double-stranded target, with the 3' to 5' orientation 
shown. The polynucleotide contains a plurality of 
regions (also called target sequences) R„ r,, ^ to 
R n , indicated at 72, 74, 76, and 78, respectively, 
which each contain a different base sequence. Each 
region preferably has about the same length, i.e. 
number of basepairs, preferably between about 20-80 
basepairs. The total number of regions R n which are 
to be assayed in the method may be up to one hundred 
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or more, although the method is also applicable where 
only a few different-sequence regions are to 
detected. 

Although the method is illustrated in Figure 7 
with respect to a point mutation, it will be 
appreciated how other types of small mutational 
events, such as deletion or addition of one or more 
bases, can be detected by the method. More 
generally, the method can be used to assay 
• simultaneously, target sequences, such as sequences 
associated with a mixture of pathogen specimens, or 
gene sequences in a genomic DNA fragment mixture. 

Figure 7B shows an enlarged portion of target 
polynucleotide 70 which includes regions 74 and 
76 (R,, . R egi on 74 includes adjacent bases T and C 
as shown which divide the region into two subregions 
74a, 74b terminating at these two bases. The T and c 
bases are wildtype (non-mutated, bases, but one of 
these bases, e.g., the T base, corresponds to a known 
point-mutation site of interest, similarly, region 
76 includes adjacent bases G and G which divide this 
region into two subregions 76a, 76b terminating at 
these two bases. The G base in subregion 76a 
represents a point mutation from a wildtype T base 
and the adjacent G base is non-mutated. The assay' 
method is designed to identify regions of the target, 
such as regions 74 and/or 76, which contain such 
point mutations. 

The probe composition used in the assay method 
is preferably composed of a plurality of probe 
elements, such as those described with respect to 
Figure IB above. This composition is added to the 
target polynucleotide, with such in a denatured form, 
and the components are annealed to hybridize the 
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5 who=» « P ° be eleme nts 80a, 80b 

« pox^e ;/rr rt h v : iy * re9ion 74 ° f «- 

seances correspond totos ^ ! ^ f 

the R, region of the target J" strand of 

1 -. in particular, the 

» probe elements have end-subunits A and r k 

when the elements are hvh. T ! aSeS Which ' 

einenrs are hybridized to complementary 
subregions of region 74 as «h™« P A «»«»tary 

a wii /<,, as shown, are effect-i^ .t-~ 
form Watson-Crick h ae! « • . exrective to 

«- c in tt e t «tt ;: 9 L a „ l : ing with adjacent b — T 

Another of the probes in the composition 

a inoiuaes a -** - — -; ents 

oza, 82b whose secruenee a>-« , 

„™ ^ence are complementary to the 

corresponding subregions 7 6a 7 «k 

region 76 of the taraeT \ ' reSpectivel y i» 

tne tar ?et polynucleotide, m thi«, 
«se, the probe elements have end-subunits A ^ nd c 
bases which, when the events are hybridised to 

e 7^ZTt SUbregi0nS ° f re9i0 " - are 
effective to form Watson-CrinV h,,. ■ . 

adjacent bases T and G L Pairi " 9 " ith 

es r and 6 bases in the wilatyne tar™* 
region. However «.u -""-ype target 

• eVSr ' ln «» example shown, a T to G 

station prevents «atson-cric* base pa ring o t L , 
end-subunit to the associated target base 

Following annealing of the probe elements to 
corresponding target sequences th» . Z 
is treated with li„aiH„ "action mixture 

enzyme, to ! 1 ! ' rea9Snt ' a ligase 

confLnJ k P ° f Pr ° be eIenents "hose 

targl t has 68 are bas °-*^™ 1th adjacent 
target bases. Typical n„ a *.,- 

■epical ligation reaction conditinnc 
are given in Example 7A % a i • <. • contJl tions 
selective for ^ ligation reaction is 

lective for those probe elements whose end subunits 
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are base-paired with the t u 

example illustrate ~ ThUS ' in the 

U Jea/L t pro he ' Pr ° be elMe " ts « b are 

It on * ele " e "ts M«. 82b are not. 

it can be appreciated that the n„.*- 
» joins an oligonucleotide carrying reaCti °" 
Poller chain to mo1( Carr T ln 9 « sequence-specific 

detectable reporter seTt T* Carryi " 9 ' 
i-led probes' " u I h UToZt 
oligonucleotide labeled lloll^T' °* 
» specific poller chain and at its Jh " 

detectable (fluorescent, rep 0 rt e r ^ "* ^ * 

Denaturing the target-probe complexes as 
illustrated in Figure 7D r.1. P ie *es, as 

ligated, labeled ^17' I * * ° f 

target seguences and ' C °"* S *°«*™<> to "iWtype 

element end subunits Each ■ , \ nm probe 

has a poller chain whic^ t £T 
distinctive ratio of ^ * probe ' a 

-ag, as discussed abote ar9e/tranSlati ° nal frlCti °"" 

». on 1 : oTth^rgT;: uiustratea in pi — - 

-tation which preve„J 1"::. ^ * 
~~ , ^«vencs ligation of the 

p-«^rjL2r^r tte entire ta - et 

interest, of which rZ£V £r?T °* 
of the type which prevent probed " Utati ° nS 
^ other six r egiLs are wlldtl 
lead to ligated , I lldtype sequences which 

expected in the lil! ""^ V ° M be 

the figure arTthe 10 " 38337 Peaks « - 

liqated^igluct^^" 1 ^" 0 " "~ " 

— poi^r cLtrsu p r:; rtVTrn. 
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25 



pattern w^f f ^ ^ ° bSerVed ^ctrophoretic 
patter,, „m show gaps , t ^ 3 ^ ? 

ta "t " ed ' eVide " ci ^ »«• ti™ i„ the 
target positions. All unmodified DNA will elute 
5 substantially with the N = o peak . 

Example 7 illustrates the general principles of 
probe ligation and seDarat,™ • P r ">cipies of 

th,-= separation, in accordance with 

th- aspect o, the invention. In this method, a 25- 

Phe Ala tetrapeptide units and a fluorescent-labeled 
25-base oligonucleotide were mixed under 

hybridization conditions with = » i. 

whose "ions with a target polynucleotide 

ntbri, T" Ce ^""^ tW ° """"nucleotides. The 

to form fluorescent-labeled probes carrying l or 2 
tetrapeptide units. 

Ca P iii ary electrophoresis in a non-sieving 
denaturing medium wa= ,-=>,,.< ^ «ving, 

described above and as llt , T- SUbStantia11 ^ - 
_. e ' and as detailed in Example 7. 

F 19 ure 9 shows the electropherogram of tL 
fluorescent-labeled probe before ligation (pea, 
".621), and the same probe when ligated with a m-„H 
containing 4- or 8-»™i„„ probe 
18 «» I a " lno acld P°ly»er chains (peaks 

Haat d k 8 ' 783 ' As seen, the two 

legated probes and the unligated probe (peak 12 HT, 
are easily resolved by CE in a » m ' 

,„ „, _ y tE ln a non-sievmg medium. 

in the above OLA ligation method, the 

rnC" 0 : 0 * Probe ° an be enhanoed - " *y. 

rL«ted H 10n ° f derlVati «- *™b" with 
related probe element hybridization and ligation 

I raoMevT 16 ^"^ (linear ' -P"«=atio„ can 
be achieved using the target polynucleotide as a 

pro! T rePeatln9 denatu ««=n, annealing, and 
probe-element ligation steps until a desired 
concentration o, derivatized probe is reached. 
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Alternatively, the ligated probes formed by 
target hybridization and ligation can be amplified by 
ligase chain reaction (LCR) , according to published 
methods (Winn-Deen) , and also as described in Example 
5 8. in this method, illustrated in Figures 10A-10C, 
two sets of sequence-specific probes, such as 
described with respect to Figure IB, are employed for 
each target region of a double-stranded DNA, whose 
two strands are indicated at 170 and 172 in Figure 
10 10A. one probe set, indicated at 174, includes probe 
elements 174a, 174b which are designed for sequence 
specific binding at adjacent, contiguous regions of a 
target sequence on strand 170, as indicated, and a 
second probe set, indicated at 176, includes probe 
15 elements 176a, 176b which are designed for sequence 
specific binding to adjacent, contiguous regions of a 
target sequence on opposite strand 172, also as 
shown. 

As seen, probe elements 174a and 176a are 
derivatized with a polymer chain, and probe elements 
174b, 176b, with a fluorescent reporter, analogous to 
probe set 32 described above with respect to Figure 
IB. After hybridization of the two probe sets to the 
denatured single-stranded target sequences, the probe 
elements bound to each target region are ligated, and 
the reaction products are denatured to release 
labeled probes 178, 180 (Figure 10B) . These labeled 
probes can now serve as target substrates for binding 
of probe sets 174, 176, as shown in Figure 10B, with 
ligation now producing 2 2 labeled probes. This 
process is repeated, i.e., N -2 times, to produce 
ideally a total of 2 N labeled probes 178, 180, as 
indicated in Figure lOC. 

In the method described in Example 8 two pairs 
of probe elements were prepared, one set containing a 



20 



WO 93/20236 



PCT/US93/03048 



37 



20 



25 



30 



35 



first probe which is Privatized with a poller chain 
containing either 3 m- a * -a t""yner chain 

unit. ! ^ SCa eth y len e oxide (DEO) 

units, as above, and a second probe which is labeled 
with a florescence reporter (J0 E, . The pairs of 
probe elements were targeted against the F508 region 
of the cystic fibrosis gene. 

nixtur" 30 CyClSS ' DNA tr °" the *» "'"ion 
mixtures was combined and the amplified, i iga ted 

probes in the fixture were fractionated by c E in a 
non saving buffer under denaturing conditions (a M 
urea) The electropherogram is shown in Figure ii 
Here the peak at the left (pea, 19.058, is £. 

rr:::^ probe - - *— ■ — - 

eLer Z T^TovTll^ ~ 

tour deo unit chains, respectively a<* 

seen, the two probes having different length po^er 

probe" TV 6 " rSSOlVed fr °" ° ne ^her and froT 

probes lacking a polymer C hi<. i, , 

matrix. non-sieving 

Although the probe-ligation method has been 
described above with respect to detecting mutatW 
an e ach of . plurality of target 

understood that the method is also applicable to 
detecting multiple target sequences related, for 

pa^n t0 *"* PreSenCe " abSMCe ° f * 
patnogen sequences, or diff«r M +. 

a higher organism. dl " erent '"°»" sequences in 

A modification of this general method is 
illustrated in Figures * and 18B. m this method 
each sequence specific probe, such as probe ,04, 

206 208, which are designed for binding to adjacent 
portions of selected seance, such as sequenc aT 
in a target polynucleotide 2X2. Probe 20 « includes a 
binding polymer ai4, a polymer chain 21, which 
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Z to ! h dlStl " CtiVe ^ge/translational frictional 
drag t 0 the probe element( ^ a 

MY be attached to the poller chain or binding 
poller. The second probe element is a„ 

=06, when the two elements are hybridised to the 
assorted target sequence, as described above with 
respect to Figures 7A-7D. 

The probes are hybridized to the target 
*° polynucleotide .. 

,tJL> * lasted, and released, as described 

above to yield a modified labeled probe 220 whose 

^ a i r ii e/ d tr r lati0nal fri ° ti0nal -»» "tic has been 
»od lf le d by virtue of the different ratio of 

15 L\rT tide/P ° ly " er Chain c ° nt ^«°ns to the 
15 probe after ligation. The modified probes are then 
fractionated by electrons,- • . proDes are thei > 
as above tH^ , " 8 n0 - Sievin * 

different taroT' * ass ° ci <**> 1th 

urerent target sequences of interest. 

.0 „, < K f " be appreciated Wat ligation of two 
!0 oligonucleotides in *>, >. 

will not an- !,! ° f P 01 ^ cha i». 

Iron, electrophoretic ability of the 

P«be xn a non-sieving matrix, since the 
charge/translational frictional drag of the probe 

s ln ^e ns B r st r iaiiy unaffe ° tea * '-th. 

oontr.but.ons of the poller chain and binding 

fr° SL" T Char9S "* — atili 

fnctional drag of the probe make this ratio 

sensxtzve to the length of the binding poller. 

*odifv 19UreS 16A " 16C illUStrat - a related method for 
»o dl f ying polynucleotide probes, in accordance with 
the invention. The method is used to detect the 
presence of one or More sequences s to S 
with fragments T to t q " ences s . to s . associated 

9 " an " T, to T„, such as double-stranded 
fragments T, and Tj shown at 150, 152, respectively. 



WO 93/20236 



PCT/US93/03048 



39 



20 



25 



30 



The fragments are modified in this method by 

tT' ITT * Pr ° be «hi=h Ldudes 

for each target sequence of interest a „ ai , T 
elements, such as oroh. .! n " rest - » Pair of probe 

« the general cl^ ! * " 2 ' 154 which hav * 

described °! nStrUCtl0n ° f «» Probe elements 

incTl 19U ™ That ls < **• 1— * 152 

-eludes an oligonucleotide l 56 aesigned for ^ 

specific binding to one region of frL, <■ I 
seated length poller ~ nt « i s 

158 — — 

se specific binding to a second region of the 
fragment. As shown i„ Pigs 16A and * °f * he 
include polymer chains m • pr ° bes 

distinctive^atio L h k) WhiCh inpart • 

drag to ! I t <*arge/tra„slational frictional 

in the method, the fragments are modified bv 
hybridization, in single-stranded form „il le 
probe elements in the probe composit^n 

s^?r B ull ft r , * 160 ' wiL ° ne 

second reporter-labet: "2^1 3 

nay be thought of in this „ fragment 

"gating function to £in ^e t " SSrVin9 3 ^ 
Since the fragment itself £ elMentS - 

elements, when fractionated by eiaetwrnw • 
method allows for id.nn#- I ^ctrophoresis, the 
fr-m. * ^entifacation of target sequence 

fragments according to the distinctive ratio Tf 
charge/frictional drag imparts k, ^ 
in one of the probe IZT ^IT "cT ^ 
are observed in the electro^ ' ° ***** 

to * elec tropherogram / corresponding 

of I ZT ' ^ T3 in ^ BiXtUre - The ^ence 
a pea, corresponding to fragment T 2 (dashed lines 
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" Fi9 - 16c > indicates that Tj „ as not 

sample. 2 was not present in the 

J-n a second general o«k 
illustrated in f^" 1 enbodl »e„t of the method, 

of the a=uble-stra„Ld t , °°' " 

least one strand of tL l * P ° lynUcleo "^- At 

" «^s a po^er Lt "L" arg " " 9i ° nS 
»Pl"ied frao^ent, a aJtilt ^ *° "«* 
charge/translationa! £ ^" ln ° tlve "tie of 
regions M y be Mparttt-L^ dra9 ' ^ ^""ed 
amplification. d durin ' 

or after 

15 Figures 12A and 12B in 

"oure shows the tvo «» -thod. The 

noraauy double-s JL !T " ndS 90 ' 92 «* a 
—ing at least Z " ^ *4 
« 5 ions, such as r e 'iT 9 T?T " of 
20 target is reacted *° be ^""ed. The 

Probes each consist « . £ C °° POSition <*°« 
=uch as pri»er elements 52 L ° f . Priner events, 
above with respect to 54 > « »*• SO described 

Probe 98 composed of .hZ , ^ 12A shows • 

25 Pri»er eleaent loo co 100 ' 102 • 

Primer xo* designed ta^l£ t ? li9, '^«' t1 *' 
one strand of re g ion 96 " t0 3 3 ' end °' 

a selected-length Po^ ^Tol^ " ' 
above-describe pri»„, , siailai to 

° ^^-leotide^^f 2 - »— ' "a is an 
a end of the cpoJtT^ ^."^""ation to 
"rries a Wsscent r J^~. which 
In practicino 1-h • 5 -end. 

probe -positio„ 9 i S ^r::r t r r method ' the 

Polynucieotide under hybridLa^ ^ 

hybridization conditions which 
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composition to complementary regies of opposite 
target polynucleotide strands, as illustrated in 

=v!L e th 2A ' 1116 reaction nixture is 1 

cycled through several, and typically about 20-40 
rounds of primer extension, denaturation 
pr-er/target sequence anneaiing, accord ng to „ell- 
taown polymerase chain reaction (PCH, methods 
(Hums, saiki). one amplified r»i™ 
th« n-«K» "Purled region, generated by 

ra« probe primers loo in? *„ 

12B . ' 102 ' ls sho ™ at 100 in Figure 



n , im If ' . aS ^ tte eXaBJ>le iH««rated, one of the 

allr rePOrter - labe1 ^' th. double-stranded 
amplified region, such as region 103, forms a 

carried ' ^ haVi " 9 3 

s^rlnT T ^ StrMd ^ 8 rSPOrter °" «» °ther 

charge/translational frictional drag 

labeled^f 1V8ly ' fences may he 

labeled m double-stranded form by addition of an 
intercalating or cross-n n n- 

bromide. The di««eL se I ~* " 

h» * ^- altIere nt-seguence amplified probes can 

be fractionated in double-stranded form by 
electrophoresis as described above, based on the 

la?oTt h r T° S ° f *"*"*»«• Clonal frictional 
drag of the double-stranded species. 

element^ 1 *" aPPr ° aCh ' ° f the tw ° 
elements may contain both a polymer chain and 

reporter label, whereby the primer-initiated 

sLgTr r ! aCti0n Pr ° dUCeS ffl ° difi ^' 1-1- 
smgle-stranded probes. 

examole 6 ?" t -«— -tnod is useful, for 
sample, i„ assaying for ^ 

sequences in a target polynucleotide. As an example. 
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the target polynucleotide may be genomic DNA with a 
number of possible linked gene sequences. The probes 
in the composition are primer pairs effective in PCR 
amplification of the linked sequences of interest. 
After sequence amplification, the presence or absence 
of the sequences of interest can be determined from 
the electrophoretic migration positions of the 
labeled probes. 

In another application, it may be desired to 
assay which of a number of possible primer sequences, 
e.g., degenerate sequences, is complementary to a 
gene sequence of interest, m this application, the 
probe composition is used to amplify a particular 
sequence. Since each primer sequence will have a 
distinctive polymer chain, the primer sequence 
complementary to the sequence end regions can be 
determined from the migration characteristics of 
labeled probes. As with the other applications 
discussed above, the method may involve including in 
the fractionated probe mixture, a series of 
oligonucleotides derivatized with polymer chains of 
known sizes, and labeled different reporters groups 
that are carried on the test probes, to provide 
migration-rate standards for the electrophoretic 
25 separation. 

In still another application, the amplified 
target fragments are labeled by hybridizing to the 
amplified sequences, with such in single-stranded 
form, a reporter-labeled probe. This application is 
illustrated in Figures 13A and 13B, which show an 
amplified target sequence 112 having a polymer chain 
114 carried on one strand. The aim of the assay is 
to determine whether any, and if so which, of the one 
or more fragments produced by the primer probes 
contains a sequence complementary to the probe 
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sequence. ln this example, the fragment 112 contains 

17™ " S Whose base se ^e„ce is complementary to 
that of a known-sequence probe lis. 

The fragments, such as fragment n 2 , are 

T'TTt With *"* °" a ° r m ° re labeled under 
standard hybridization conditions, binding probe lis 
to the strand of fragment 116 which contains the 
polymer chain, thus forming modified, labeled probes 
which can be fractionated by electrophoresis, as 
10 above. 

for J**?'* " A 15B 1Uurt »*« *"°ther method 
for modifying PCR-generated target fragments, such as 
double-stranded fragment 130, composed of strands 
132, l 36 . In the embodiment illustrated, strand 132 
« has been fluorescent-labeled with a reporter 134 at 

ZJl^t ^ aUri " 9 ^"""tion. The fragment 
strand can be reporter labeled by a variety of 
methods, such as by nie* <-».,i-^. 
tailing („ «, translation or homopolymer 

tailing ln the presence of labeled dNTP's, or by PCR 
*0 amplification using a reporter-labeled primer. 

The amplified fragments are mixed with a probe 
composite that includes a plurality of probes, such 
as probes 138, 140, 142, designed for sequence- 
specific binding to differed--*.™.— 
25 strand „<■ » h erent-sequence regions of one 

strand of the target. Probe 138, which is 
representative, includes an oligonucleotide 144 
having the desired region-specif ic base sequence and 
a poiymer chain 146 which imparts to each different 
sequence probe, a distinctive ratio of 
30 charge/frictional drag. 

hvbrid" T " eth0d ' £ra9Mnts » Pitied by 
hybridizati n, in single-stranded form, with the 

probes m the probe composition, forming fragments, 
such as fragment 150, with one or more double- 
stranded regions corresponding to probe binding. The 
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modified fragments are reporter labeled in one strand 
and derivatized with one or more selected-length 
polymer chains in opposite strand probes. 
The modified fragments are then fractionated in 
5 double-stranded form by electrophoresis, to 

fractionate the fragments according to the number and 
size of polymer chains associated with each fragment. 

Thus, for example, in the method illustrated, 
the fragment 132 binds probes 138, 142, and thus has 

10 been modified to carry a total of i+k polymer chain 
units. Since the fragments will migrate, on 
electrophoresis, with migration times which are 
dependent on the total number of polymer chain units 
attached to the fragments, the probe (s) associated 

15 with each fragment can be identified. This method 
can be used, for example to examine the distance 
between known sequences within genomic DNA, or for 
identifying linked sequences. 

20 C. Probe Extension 

A third general method for forming labeled 
probes, in accordance with the method of the 
invention, is illustrated in Figures 14 A and 14B. In 
this method, a single-stranded target polynucleotide, 

25 such as shown at 120 in the figures, is reacted with 
a probe composition containing a plurality of probes, 
such as probe 122 which are designed for base 
specific binding to selected regions of the target. 
Probe 122, which is representative, is like probe 20 

30 in Figure 1A, and includes an oligonucleotide having 
a free 3 '-end OH group and a selected-length polymer 
chain carried at its 5' end. 

After binding the probes to the target, the 
probes are treated with DNA polymerase I, in the 

35 presence of at least one reporter-labeled dNTP, as 
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shown. Dye-labeled dNTPs can be svnthe • 
co^ercial starting materials ^ 
*TP (ciontech, Palo Alto dl MlBO ? ~ 

fluorescein ms ester ^ * lth 

^~rrr ed duTp - The poi ~* 

" ve » in the presence of an * 
triphosphates, to extend L 3 < ena " " UCle ° sida 
Probes, incorporatino on. target-bound 

modified, labeled Droha k . ' the de sired 

characteristic o f each probe ^In^™ ^ 
Alternatively, i„ ^ abo ' 
» b. couple, to the -c-i^,,^^.* 1 ""—" 

m, after incorporation t " UCleotiae . Mino-7- 
aifferent-se^eli::^ e T £ "«* «* the 

distinct ratio of charae/^ hM a 

<*ag by virtue of T^iTT"™ 1 

After probe extensi Chain - 
*ro ffl the target anTfT 7' *"* ^ « e 

labeled probes oorreL!l ? °" «~"io™ of 
^ the target nucl" ' "^"^ 

-odir" ™zz another 

»ethod, the probe coapolitL T^™' ln this 
seouence-specific P rlZ s ^ * ' ° f 

*or seouence specific £JZ toV^ ^ 
landed target polynucleotide sucTaT " * Si " 9le - 
target polynucleotide l 88 !! „ 910 " " 6 in 

representative indl " 4 ' Which ls 

composed of a t iZ , " Pr ° be Mndin9 POl ^ r "° 

first sangie-stranded dna segment „ a 
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and a second segment 194 which includes single- 
stranded RNA region 196. a polymer chain 198 
attached to the binding polymer's first segment 
_ imparts to the binding polymer, a distinctive 
> charge/translational friction drag ratio, as 

discussed above, a reporter 200 is attached to the 
second segment of the binding polymer, m 
particular, the polymer chain and reporter are on 
opposite sides of the RNA region, so that selective 
cleavage in this region will separate the probes 
first segment and attached polymer chain from the 
reporter . 

with tH T ° eth0d ' Pr °" e c °*"° s "i°" is reacted 

9 »°lynu=l«tide under hybridization 
cond ltl ons, as above, to bind the probes in a 
sequence specific manner to complementary target 
regions. As seen in Figure isa, this produces a 
region of rna/dna dupaex in each bound probe. The 
reaction mixture is now treated with a nuclease, such 
as PNase H, which is able to cut duplex RNA/DNA 
selectively (Duck, , thus cutting each probe in its 
RNA banding region. 

The hybridization reaction is now denatured, 
releasing, for each specifically bound probe, a 
modified labeled probe which lacks its polymer chain 
and thus now migrates as a f ■, • 

^ igrates as a free oligonucleotide by 

electrophoresis in a non-sieving medium. In an 
alternative embodiment (not shown, , the polymer chain 
»ay be attached to reporter side of the pro£ so 
that RNAse treatment releases a portion of the 
binding polymer, modifying the combined 
charge/combined translational frictional drag of the 
remaining probe (which contains the polymer chain 
and reporter) , thus shifting the electrophoretic 
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mobility of the probe in a non-sieving medium, with 
respect to the uncleaved probe. 

In another embodiment using the cleavage mode of 
generating labeled probe, probe modification is 
5 accomplished during extension of a primer annealed to 
the target polynucleotide upstream from (beyond the 
5' end of) the annealed probe. This extension is 
produced by a DNA polymerase also incorporating a 5' 
to 3' exonuclease activity (Holland). The method is 
10 • xllustrated in Figure 19 which shows a target 

polynucleotide 222 with a sequence region 224 of 
interest. The probes in this method are exemplified 
by probe 226 which contains a binding polymer 228 
having a subunit 229 adjacent the polymer's 5' end 
15 Attached to this base are a polymer chain 230 and a 
labeled probe 232 (which may be attached to the free 
end of the polymer chain) . Also shown in the figure 
as a primer 234 which is designed for sequence 
specific binding to the target, upstream of the 
20 region 224. 

in practicing the method, the sequence-specific 
probes and a set of primers, such as primer 234, are 
reacted with the target polynucleotide under 
hybridization conditions, to bind associated probes 
25 and upstream primers to different-sequence regions of 
the target. The target and attached probes are now 
treated with the above polymerase in the presence of 
all four nucleoside triphosphates, resulting in 
polymerization of the primer in a 5' to 3' direction, 
.0 as indicated by x's in Figure 19B. As the polymerase 
reaches the. 5' end of the adjacent probe, it 
displaces the probe from the target region, and also 
cleaves off 5' end subunits from the probe. As shown 
in Figure 19B, cleavage of the subunit 229 from the 
5 probe releases a labeled probe 236 composed of base 
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229 1 re P° r ter 232, and poly^r r-h. • 
-Parts to the probe , a d ^" c t ^ 

cleavage aode are practical • Ts"! °* 
activities not l inJ ce d to poi^/'T 01 '"" 

the N-terainal selective L a ^a7 , 
coli polymerase I and the * fragment fro* E . 

bacteriophage X) , exonu clease of 

exonuclease activities of Proofreading 

TT case tte poi *»~ ?Z A Ji olymsi * ses (in 

Preferably are attached to the V reP ° rter F 
»d this 3- end comprises „1 ' ° f toe probe < 
mismatched to the temm,* ^ ■°" ""oleotides 

Figure 17A , , or us ^ PUte Nucleotide 18 , of 

sequence-specif ic ~d °* " rM9e ° f 

-trictj ^Lsr-rjr as *- 

«>e preferred embodiment iocaL 1 ° aSeS ' 
P°lvmer chain on the same side of ^ T*" *"* *"* 
«*•(•>. such that they rem,?! CleaVa?e 
subsequent to cleavage ZT, lin ** d 
-y or may not be added to ^ Chai »* 
"Se of the cleavage sitersw 0 " ° Pposite 

«der to optima L resol' °" """^ " 

from unlabeled probe!. " °* labeled P r <*« 

In an important embodiment „ f ^ . 
sequencing i s implemented by electro^ lnVenti ° n < DNA 
separating dna fragments U e ^7 
oligonucleotides) in » „ dlff er ent-seguence 

Native DHA consists of — i». 

brands o, nucleotides pol ^rs, or 

nucleosides linked hv „ Stra " d ls a of 

^ Phos P"°«ester bonds. Ihe two 
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strands are held together in an antiparallel 
orientation by hydrogen bonds between complementary 
bases of the nucleotides of the two strands: 
deoxyadenosine (A) pairs with thymidine (T) and 
deoxyguanosine (G) pairs with deoxycytidine (C) . 

Presently there are two basic approaches to DNA 
sequence determination: the dideoxy chain 
termination method, e.g. Sanger et al, Proc. Natl. 
Acad. Sci., Vol. 74, pgs. 5463-5467 (1977); and the 
chemical degradation method, e.g. Maxam et al, Proc. 
Natl. Acad. Sci., Vol. 74, pgs. 560-564 (1977). The 
chain termination method has been improved in several 
ways, and serves as the basis for all currently 
available automated DNA sequencing machines, e.g. 
Sanger et al, J. Mol. Biol., Vol. 143, pgs. 161-178 
(1980); schreier et al, j. M ol. Biol., Vol. 129, p gs . 
169-172 (1979); Mills et al, Proc. Natl. Acad. Sci. 
Vol. 76, pgs. 2232-2235 (1979); Smith et al, Nucleic 
Acids Research, Vol. 13, Pgs . 2399-2412 (1985); Smith 
et al, Nature, Vol. 321, pgs. 5674-679 (1987); Prober 
et al, Science, Vol. 238, pgs. 336-341 (1987), 
Section II, Meth. Enzymol., Vol. 155, pgs. 51-334 

(1987) ; Church et al, Science, Vol 240, pgs. 185-188 

(1988) ; Tabor et al, Proc. Natl. Acad. Sci., Vol. 84 
25 pgs. 4767-4771 (1987); Tabor et al, Proc. Natl. Acad.' 

Sci., Vol. 86, pgs. 4076-4080 (1989); Innis et al, 
Proc. Natl. Acad. Sci., Vol. 85, pgs. 9436-9440 
(1988); and Connell et al, Biotechniques , Vol. 5, 
pgs. 342-348 (1987) . 

Both the chain termination and chemical 
degradation methods require the generation of one or 
more sets of labeled DNA fragments, i.e. nested sets 
of DNA fragments, each having a common origin and 
each terminating with a known base. The set or sets 
of fragments must then be separated by size to obtain 
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sequence information. m both methods, the DNA 
fragments are separated by high resolution gel 
electrophoresis. Usually, the DNA fragments are 
labelled by way of radioactive nucleoside 
• triphosphate precursors or by way of fluorescent 
dyes. 

The basic steps of the chain-termination 
approach to DNA sequencing are (1) providing an 
oligonucleotide primer and a template nucleic acid 
■ containing, as a subsequence, a target nucleic acid 
whose sequence is to be determined, W hybridizing 
the oligonucleotide primer to the template nucleic 
a«d, (3) extending the primer with a nucleic acid 
polymerase, e.g. T 7 DNA polymerase, Sequenase™ a 
reverse transcriptase, or the lite, in a reaction 
mixture containing nucleoside triphosphate precursors 
and at least one chain terminating nucleotide to form 
a nested series of DNA fragment populations, such 
that every shorter DNA fragment is a subsequence of 
every longer DNA fragment and such that each DNA 
fragment of the same size terminates with the same 

fra^eT" nUCle0tid *' <«> operating the DNA 

fragment populations according to size, and (5) 
identifying the chain-terminating nucleotide 
associated with each DNA fragment population. 

The details of each of the above steps varies 
according to several factors well known i„ the art, 
including the nature of the labelling means for 
identifying the different chain-terminating 
nucleotides, the means for separating the different 
DNA fragment populations, the manner in which the 
template nucleic acid is provided for the 
hybridization step, and the li ke . Por exanple if 
the DNA fragment populations are identified by' 
fluorescent dyes attached to primers, then four 
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different primers are provided, each having a 
different fluorescent label, and the primers are 
extended in four separate reaction mixtures 
corresponding to the four different chain-terminating 
nucleotides. Or, if the DNA fragment populations are 
identified by the incorporation of radioactively 
labelled nucleoside triphosphates during the 
extension step, then the step of extending usually 
includes four separate reaction mixtures each 
containing a different chain-terminating nucleotide 
and the step of separating usually includes 
separating the DNA fragment populations of each 
reaction mixture separately according to size. 
Generally, the references cited in the second 
paragraph of the Background section disclose the 
steps of DNA sequencing and their important 
variations. Accordingly, these references are 
incorporated by reference. 

Preferably, the different DNA fragment 
populations are identified by fluorescent dyes 
attached to the chain-terminating nucleotides. 
Accordingly, in the method of the invention a primer 
is extended by a DNA polymerase in a reaction mixture 
containing the four 1-thiotriphosphate analogs of 
ATP, CTP, GTP, and TTP, and four chain-terminating 
nucleotides, each labelled with a different member of 
a set of spectrally resolvable fluorescent dyes, e.g. 
as disclosed by Fung et al, U.S. patent 4,855,225; 
Prober et al (cited above) ; or the like. 

A template is provided in accordance with the 
teachings in the art, e.g. Technical Manual for Model 
370A DNA Sequencer (Applied Biosystems, inc., Foster 
City, CA) . For example, the target sequence may be 
inserted into a suitable cloning vector, such as the 
replicative form of an M13 cloning vector, which is 
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then propagated to amplify th* « - 

target seguence. Th ^ , * ° f «* 
is isolated for use asTt T *** ° f Ml3 

template can be p^L £^ datively, a 
- -ct ion (PCR ) as' tau^t * t^TT ^ 

*. (cited above); wil so „ et al BioU It ■ ^ * 
8, Pgs. 184-189 (1990). Gvll I Bl0tech *^es, Vol. 
VOL 7, pg s . 700-708 a9 8 t T n/ ^^^s, 
amplification, the t^lll oT^ ^ 
0 Polymerization reactions) elt" " " **" 

attached to a solid Z " Phase « 

soxia phase suDDort * ~ 

stahl et al, Nucleic / P ° rt ' e -9" « taught by 

303S-3033 ,„..„ s :*Z e TTtJ 01 - 
Research, Vol 17 „ ' NucIeic Acids 

» like. 1? ' P5S - 4937 -"« (« 89); or tte 

Primers for the method of the invention 

=an be* ZT^tlVoV oTZ^ ^^^cr 
-Plication ana/or IZ^ilT^ ^ * 
States Biochemical Corporation^, ^ 
Clcntech (Palo Alto, ^t h e ! f ' ' 
^ridizing toe pri ; er L L t elt; ^ ° f 
disclosed in the cited „, ls f u u y 

-ailed ^rST,* 1 * ~ 

embodiment of the present IZtTioT 
Kits of the invention genera 111 ~ 

-re primers consisting of ol or "Le " ^ " 

oligonucleotides conluoat.^ * 

Preferably the o M 3 ?ate<i to a P o1 3™« chain. 
="iy, the oligonucleotides » ( 
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terminating nucleotides. Alternatively, the chain 
terminating nucleotides may be separate components of 
the kit. Preferably, kits further include a nucleic 
acid polymerase and a reaction buffer for carrying 
5 out the polymerase reaction. Nucleic acid 

polymerases include DNA polymerases, rna polymerases 
and reverse transcriptases, and the like. 
Preferably, kits include a DNA polymerase, e.g. Tag 
polymerase, as disclosed by Gelfand, U.S. patent 
10 4,889,818; or Seguenase, as disclosed by Tabor et al 
U.S. patents 4,962,020; 4,795,699; 4,942,130; 
4,994,372; and 4,921,794. 

in one embodiment, kits include a single primer 
and a dye-terminator mix as components. The 
15 dye-terminator mix contains the four 

chain-terminating nucleotides each labelled with a 
different fluorescent dye, preferably spectrally 
resolvable. Preferably, the chain-terminating 
nucleotides are dideoxynucleoside triphosphates, m 
20 one aspect of this embodiment, each dideoxynucleoside 
triphosphate is separately labelled with a dye 
selected from the set comprising 5- and 
6-carboxyfluorescein, 5- and 

6-carboxy-4 , 7-dichlorof luorescein, 2 • , 7 '-dimethoxy-5- 
25 and 6-carboxy-4,7-dichlorof luorescein, 
2 ' , 7 ' -dimethoxy-4 ' , 5 ' -dichloro-5- and 
6-carboxyfluorescein, 
2 ' , 7 ' -dimethoxy-4 ' , 5 ' -dichloro-5- and 
6-carboxy-4 , 7-dichlorof luorescein, 
30 l',2',7',8'-dibenzo-5- and 

6-carboxy-4 , 7-dichlorof luorescein, 
1 ' , 2 ' , 7 ' , 8 ' -dibenzo-4 ' , 5 ' -dichloro-5- and 
6-carboxy-4 , 7-dichlorof luorescein, 2 • , 7 • -dichloro-5- 
and 6-carboxy-4, 7-dichlorof luorescein, and 
35 2',4',5',7'-tetrachloro-5- and 
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The 



6-oarboxy-4 , 7-dichlorof luorescein. lne 
above-aentioned dyes are disclosed in the following 

Ho bb T S " h ^ inC °^°«^ * reference: 
Hobb, Jr . o. s . patent 4>997;9 

5 patent 4,855,225; and Menchen et al PC T l- 
■ US90/06SOB nit ^. application 
sso/06608. Alternatively, dideoxynucleotides of th. 
invention *ay be labelled with spectrally resolvable 
rhodaaine dyes as taught by Bergot et al pc T 
application US90/05565. 

" separate" ^^t, Ut< include four 

Afferent "* "<* labe "^ »*■» a 

different, spectrally resolvable, fluorescent dye 
e.g. as taught by Fung et al (<Jlt- 

15 F « Probe rap +., irr 

Piour^^r 9Sneral eBbodiM " t - illustrated in 
Figures 20A-20C, involves probe capture and release 
fro* an mobilized target polynucleotide. Figure 
20A shows the addition of a w1 figure 

" as probes 240-246 to a taraet T " Pr ° beS ' SUCh 
. . a tar ? et Polynucleotide 248 

such"::? regions of intent, 

repLlt^.tcSdesTrin: 40 ' *** * 

„ , Auaes a binding polymer 250 * 

polymer chain 252 which imparts to that ! 

drag, and a reporter 254 attached to the poller 
*ain. in the e^bodiaent shown, each differ^, 
sequence probe has a different length 

30 ZZZZLTJZT* 1 " ----atio„ h aT 

The probes are reacted with the target 
polynucleotide under hvbi-i^ • 
above, m .h- „1 L ybridl2atl ° n con ^tion S/ as 



- — iiuiLions, £ 

In the method illustrated in Figure 20A 
Probes 240, 242, and 24S each hybridize^ a 
complementary sequence in regions R , 



and R a/ 
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respectively, of the target polynucleotide, it is 
assumed in this example that the target 
polynucleotide does not contain a region 
complementary to probe 244, leaving this probe 
unbound. 

The target and hybridized probes are then 
treated to immobilize the target polynucleotide. 
This is done in the present example by adding a solid 
support 260 derivatized with an oligonucleotide probe 
262 which is complementary to a region R, of the 
target polynucleotide, thus binding the target to the 
solid support, as indicated in Figure 2 OB. The 
support and attached target and probes are now washed 
to remove non-specif ically bound probes, such as 
probe 244. 

In the final treating step, the washed solid 
support mixture is denatured to release bound probes, 
such as probes 240, 242, and 246, and these probes 
are then fractionated by electrophoresis in a non- 
sieving medium, to identify target sequences, on the 
basis of distinctive electrophoretic positions of the 
fractionated, labeled probes. 
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From the foregoing, it will be appreciated 
how various objects and features of the invention are 
met. The method allows a plurality of target 
sequences to be assayed in a single-assay format, 
with rapid identification of sequences according to 
the migration distances (migration rates) of 
different-length polymer chains associated with 
sequence-specific labeled probes. 

The polymer chains allow for separation of 
charged binding molecules, such as oligonucleotides, 
in a simple electrophoresis method which does not 
require a sieving matrix, in particular, this CE 
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fractionation method allows for effective 
fractionation of a plurality of oligonucleotides, all 
of which have similar or identical sizes. One 
advantage of this feature is that the plural probes 
used in the method can all have similar or the same 
sizes, and thus can be hybridized with target 
sequences with about the same hybridization kinetics 
and thermodynamics (T ) . 

The probes of the invention can be readily 
synthesized by conventional solid-phase methods, m 
one method, a polymer chain of a selected number of 
units can be formed directly on an oligonucleotide, 
by conventional solid-phase synthesis methods. 

The following examples describe various aspects 
of making and using polymer-chain probes. The 
examples are intended to illustrate, but not limit 
the scope of the invention. 
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Material «a 

Hexaethylene glycol, 4 , 4 ' -dimethoxytrityl 
chloride, triethylamine, diisopropylethylamine, 
acetic acid, pyridine, methanesulfonyl chloride, 
sodium hydride, 2-cyanoethyl-N,N,N' ,N'- 
tetraisopropylphosphorodiamidite were obtained from 
Aldrich, Milwaukee, WI. Diisopropylamine tetrazole 
salt, FAM-NHS / DMSO JOE-NHS/DMSO and TAMRA-NHS /DMSO 
were obtained from Applied Biosystems (ABI) , Foster 
City, CA. LAN (Linker Arm Nucleotide) 5 ' -dimethoxyl- 
trityl-5- (N- (7-trif luoroacetylaminoheptyl) -3- 
acrylamide) -2 ' -deoxyuridine-3 ' -phosphoramidite was 
obtained from Molecular Biosystems, Inc., San Diego, 



CA. 



Sephadex G-25M PD-10 columns were obtained from 
35 Pharmacia, Uppsala, Sweden. Derivatized 
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oligonucleotides were LC purified using an ABI RP-300 
(C8) column (4.6 x 220 mm) using a flow rate of 1.5 
ml/min and a gradient of 0.1 M 

triethylammoniumacetate/water pH 7.0 and 
acetonitrile. 

DNA synthesizer: 380B, ABI , Foster City, CA. 

Example 1 

Synthesis nf (HEOl n Phaine 

The reactions described in this example are 
illustrated in Figure 2 and are similar to those of 
Cload and Schepartz. 

A. Dimethoxytrityl (DMT) -protected hexaethylene 
oxide (HEO) 

27.0 gm (95.6 mmol) of HEO was dissolved in 100 
ml pyridine. To this solution at room temperature 
was added a solution of 27.0 gm (79.7 mmol) of 
dimethoxytrityl chloride in 150 ml pyridine over 10 
nr. The reaction was stirred at room temperature 
overnight (15 hr.) The solvent was removed in vacuo 
and the residue was brought up in 150 ml EtOAc and 
100 ml Kp, 2 x ioo ml brine and the organic layer 
was dried over Ne^so,. The solvent was removed to 
give a dark orange oil (38.36 gm). The crude 
material was purified by silica gel chromatography 
using 200 gm kiesel gel 60 and eluting with 2% 
methanol-methylene chloride (silica gel was basified 
with triethylamine) . Appropriate fractions were 
combined to give 29.52 gm (50.49 mmol) of compound 1. 
Analysis of the DMT-protected HEO (compound l in 
Figure 2) showed: 

'HNMR (300 MHz CDC1 3 ) 57.5-6.8 (mult. , 13H aromatic), 
3.75 (S, 6H, OCH3), 3.6 (20H, mult., OCHj-CHjO) , 3.5 
(2H, mult., CH^-OH), 3.2 (2H, t, CHjODMT) . 
B. DMT-Protect HEO Phosphoramidite 
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1 gm (1.7 mmol) of DMT-protected HEO from 
Example ia above and 0.029 g (0.17 mmol) of tetrazole 
dusopropyl ammonium salt were dissolved in 10 ml 
methylene chloride under inert atmosphere. To this 
was added 0.59 gm of 2-cyanoethyl tetraisopropyl 
phosphordiamidite, and the mixture was stirred 
overnight at room temperature. The reaction mixture 
was washed with a saturated solution of NaHC0 3/ brine 
and dried over Na^O,. The solvent was removed to 
give 1.58 gm crude oil, and the product was purified 
by flash chromatography through silica gel and eluted 
with 50% EtOAc-hexane (silica gel was basified with 
triethylamine) . 0 .8 gm (1.3 mmol) of purified 
phosphoramidite (compound 2 in Figure 2) was 
15 recovered . 

C DMT-protected HEO methanesulf onate (mesylate) 

In 100 ml methylene chloride was dissolved 10 4 
^ (17.8 mmol) of DMT-protected HEO from Example 1A 
above. The solution was ice cooled and 4.59 gm (35.6 
20 mmol, of diisopropylethylamine was added, followed by 
the addition of 2. 06 g (26.7 mmol, methanesulf onyl 
chloride. The reaction mixture was stirred for 30 
mmutes and then washed with a saturated solution of 
NaHC0 3 , brine and dried over N^SO,. The solvent was 
5 removed in vacuo to give 11.93 gm of the mesylate 
(compound 3 in Figure 2) . 
D. DMT-protected HEO dimer 

To a suspension of 0.62 gm (26.9 mmol) of sodium 
hydride in 150 ml freshly distilled tetrahydrofuran 
at 10«C was added 10.14 gm (36.0 mmol) of 
hexaethylene glycol over 1 minute, and the mixture 
was stirred for at room temperature for 30 minutes 
To this was added a solution of 11.93 gm (17. 9 mmol, 
of HEO mesylate from Example ic above in 50 ml 
tetrahydrofuran. The reaction mixture was warmed to 
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40-sooc for 3 hours, after which the solvent was 
removed in vacuo and the residue was brought up in 
150 ml of methylene chloride. This was washed with 
x 100 ml Hp, brine and dried over Na 2 S0 4 . The 
5 solvent was removed in vacuo to give a crude oil 
(13.37 gm,, which was purified by silica gel 
chromatography as in Example 1A above. 10.0 gm of 
the DMT-protected HEO dimer (11.8 mmol) was 
recovered. Analysis of the material (compound 4 in 
10 Figure 2, showed: 

'HNMR (300 MHz CDC1 3 ) 57.5-6.8 (mult., 13H 
aromatic,, 3.75 (s, 6H, 0CH3) , 3.6 (20H, mult., OCH,- 
«W. 3.5 (2H, mult., CH^OH), 3.2 (2H, t, CH.ODMT, . 
E. Phosphoramidite of the DMT-protected HEO dimer 
15 (Compound 5 in Figure 2, . 

1 (1.17 mmol, of DMT-protected HEO dimer from 
Example ID and 20 mg (0.12 mmol, of tetrazole 
diisopropyl ammonium salt were dissolved in 10 ml 
methylene chloride under inert atmosphere. To this 
at room temperature was added 0.409 gm (1.35 mmol, of 
2-cyanoethyl tetraisopropyl phosphordiamidite. After 
15 hr., the reaction was washed with saturated 
NaHC0 3 , brine and dried over Na 2 S0 4 . The solvent was 
removed in vacuo to give crude oil (1.44 gm, , which 
was purified by flash chromatography as in Example 
IB. 0.76 gm (0.73 mmol, of purified product was 
recovered. Analysis of the purified material 
(compound 5 in Figure 2, showed: 

3, P-NMR (CD 3 CN, H decoupled, : 6151 (s, . 

3 0 

Example 9 
Synthesis of fHFQ) chains Ky 
Bisurethano *-~i yl Grmip e 

The reactions described in this Example are 
35 illustrated in Figure 3. 
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Hexaethylene glycol (10.0 ml) was added dropwise 
to tolylene-2,4-diisocyanate (TDC) (17.0 ml) under 
argon at 30-35 °C. An ice bath was used to control 
the exothermic reaction. The reaction was allowed to 
5 stand at room temperature overnight; washed with hot 
hexane (lOx) to remove excess diisocyanate; and 
concentrated under reduced pressure to yield the 
crude bisisocyanate product (compound 6, Figure 3) as 
an amber oil (30 g) . 

10 . A solution of the above crude bisisocyanate (2.3 

g) and hexaethylene glycol (7.0 ml) in 
dichloromethane (25 ml) was stirred at room 
temperature for 1 hour and then dibutyltindilaurate 
(0.1 ml, Aldrich) was added and stirred at room 

15 temperature for 22 hours; diluted with 

dichloromethane and washed with water (4 x 20 ml) ; 
dried (MgS04) ; and concentrated under reduced 
pressure to give the crude diol product (compound 7 , 
Figure 3) as an amber oil (4.6 g) . 

20 A solution of DMT chloride (1.2 g) in 

dichloromethane (20 ml) was added dropwise over 2 
hours under argon at room temperature to a stirred 
solution of the above crude diol (4.4 g) and 
triethylamine (0.6 ml, Aldrich) in dichloromethane 

25 (25 ml) . The reaction solution was stirred at room 
temperature for 2 hours and washed with water; dried 
(MgS04 ) ; and concentrated under reduced pressure to 
give the crude DMT alcohol product as an amber oil 
(5.1 g) . Column chromatography (triethylamine 

30 neutralized silica, 5% methanol/dichloromethane) of 
the crude DMT alcohol gave the purified DMT alcohol 
(compound 8, Figure 3) as a viscous amber oil (0.72 
g) . Analysis of the compound showed: 1H NMR/CDC1 3 : 
56.7-7.5 (m, ArH, 19H) , 54.3 (m, NC(0)0CH2, 8H) , 
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«3.77 (s, CH30, J3.55-3.7S („, CH20 CH2, 62H> , 

«.2 (t. DMT0CH2 , 2H, , ,2.15 (a , ^ ' »' 

2 -Cyanoethy 1-N, N, N- , M- 
tetraisopropyl P hosphorodia»idite 

o! ? ~ T" " r0 °° tenpa «^ *° • birred solution 
of the above pur ified DHT alCQhol ^ t ^ rM 

^".rr^r" sait az n9 > in 

(5 »1) . After stirring at roc te-perature for 4 
hours, NaHC03 solution as added and stirred for 40 
10 mmutes. The dichloroBethane layer was diluted with 

Zs^, 1 T ethane and washed with b ^°> ^ 

Jill 11' -duced pressure to 

TZrTl PhOSphora »" i ^ P™duct (compound 

Figure 3) as an amber oil ro ns m si„ m 
15 151 Ppm . C * 88 g) * P ^ f CDC la): 

Example i 

Perivatj^iop nf n11 ,,, t<rioc ,„ i ^ _ 

10 11, ! h V eaCti0ns Ti** in sections B and c are 
20 illustrated in Figures 4» > n « ,n . 

j. 3 ures 4 A and 4B, respectively. 

Reparation of Oligonucleotide 
A 48-base oligonucleotide having the sequence 
-CCACCATTAAAGAAAATATCATC^^ 
arboxyfluorescein-3' (composition 10 in Fi gur e " 

ZZT^ USi " 9 " ''-"^ =«>°™reTein 

oe p™ u SUPPOrt <APPUed BiOSySteM " I -> « can 
rcl^t T 3 '-*- ine - 0N (oligonucleotide, CPG 

to o^ : , Alt °' **> PAM - NHS <*»> -"ding 
.0 conned , '^"^ Bi <™-- Caruthers, 

f™' Md Standal * Phosphoramidite chemistry on an 
Applied Bio S yste ms 380B DNA Synthesizer. 
B. Oligonucleotide Derivatized with PEO Chain 

The support-bound oligonucleotide froM Example 

5 bv rea^i " n01 «"*»«*~«*> deprotected 
5 by reaction wxth trichloroacetic acid, washed, then 
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reacted with one of the phosphoramidite-PEO pollers 
as xn Example 1, using a standard DNA synthesis 
cycle. The embodiment shown in Figure 4A is with 
polymer chain with 12 ethylene oxide subunits. The 
deravatized oligonucleotide (Compound 11 in Figure 
4A, was cleaved off the column with trityl on, and 
the collected product (compound 12 in Figure 4A, was 
purxfxed by l ig u id chromatography, using an ABI RP- 
300 (c-8) 4.6 x 220 mm column and a 0.1M 
triethylammonium acetate-water and acetonitrile 
solvent system. The derivatized oligonucleotide is 
shown as compound 12 in Figure 4A. 

C. Oligonucleotide derivatized with bisurethane 
tolyl-linked PEO chain. 

The support-bound oligonucleotide from Example 
3A above (0.1 „mol oligonucleotide, (Compound 10, 
Figure 4B> was reacted with a phosphoramidite-PEO 
bxsurethane tolyl-iinfced polymer prepared as in 

20 Z^TlVT ^ " Standard DHA SynthSSis =r=le. (The 

polymer indicated by subunit structure 
BHT-HEO-Tol-HEO-Tol-HBO in Figure 4B corresponds to 
compound 9 in Figure 3) . The derivatized 
oligonucleotide (Compound 13 in Figure 4B, was 
cleaved off the column and deprotected with trityl 
on and purified by liquid chromatography, using an 
ABI RP-300 (C-8, 4.6 x 220 mm column and a o.im 
tnethylammonium acetate-water and acetonitrile 
solvent system. The collected product was 
deprotected with acetic acid. The derivati 2 ed 
oligonucleotide is shown as compound 14 in Figure 4B 



Example a 

Successive PEQ maa + a^- tn an on^i.^^. 
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The reaction steps described in this Example are 
illustrated in Figure 5. 
A. FAM-labeled Oligonucleotide 

A 26 base oligonucleotide having the sequence 5' 
TTG GTG TTT CCT ATG ATG AAT ATA-LAN-T3 ' was made on 
an ABI model 380B DNA synthesizer using standard 
phosphoramidite chemistry (composition 15 in Figure 
5) . LAN is a base modified deoxyuridine 
phosphoramidite (Molecular Biosystems Inc.) with a 
TFA protected amine. The 26 mer was made from a l ^m 
column using trityl on manual protocol after 
completion of synthesis. The column material was 
divided into 10 separate 0.1 M mol columns. 

All of the subsequent oligos were cleaved off 
the support with NH 4 0H and purified first by HPLC 
using an ABI RP-300 (C-8) column (4.6 x 220 mm) using 
a flow rate of 1.5 ml/min. and a solvent gradient of 
0.1 M triethylammonium acetate-water pH 7.0 and 
acetonitrile, then after the specific modifications 
described below, the trityl is removed and the 
product were isolated by HPLC using the conditions 
described above. 

The cleaved oligonucleotides were labeled with 
FAM by adding a solution of the amine-labeled 26 mer 
With 15 fil of FAM.NHS in DMSO (ABI) and 40 fil of 1M 
NaHC0 3 /Na 2 C0 3 pH 9.0. After 2 hours the reaction 
mixtures were passed through a Pharmacia PD-10 
Sephadex G25M column (Pharmacia) and the collected 
samples were then HPLC purified. After removal of 
the solvent the samples are detritylated with 80% 
acetic acid-water. The solvent was then removed in 
vacuo and the residue was brought up in 0.5 ml Hp 
and is LC purified. 
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DMT-protected phosphoramidite HEO units from 

Example 4A by standard phosphoramidite chemistry on 
solid support, yielding the composition 16 in Figure 
5. one to four units were added on in separate 
reactions. The resulting HEO modified oligos were 
cleaved from the solid support (Compound 17 , Figure 
5) as above, and labeled with FAM and purified 

(Compound 18, Figure 5} a1en ,„ , 

9 a '' also as described above. 
10 C. PEO-Derivatized Oligonucleotides 

A 25 base oligonucleotide having the sequence 5' 
GGC ACC ATT AAA GAA AAT ATC ATC T 3 ' was made as 
described in Example 4A. DMT-protected 
phos P hr aaidit HEO units were added to the 5' end of 
this 25 mer and purified as described in Example 4B. 

Example t; 

conjugation nf n pnrrim. «» .. ^i-rrrv-. in,, 

0 so,,M ° lis,0nucleoti ^ «« synthesized on cpg 

h su Pport with an ABI DNA synthesizer. To the 
hydroxy! o, the CPG supported oligopeptide was 
added N-MMT-C a Amino Modifier using standard 
phosphoramidite chemistry. This is a 
monomethoxytrityl protected amino linked 

' C^telT ■ lt \ WhiCh ^ °°™™^y -liable from 
Clontech Laboratories, Palo Alto, CA. The 

monomethoxytrityl group was removed using a standard 

trityl cleavage protocol on a DNA synthesizer and the 

DNA synthesis column was then placed on an ABI 

Peptide synthesizer capable of performing FMOC 

chemistry. Using standard race peptide synthesis 

protocols, a four and an eight unit amino acid 

Peptide was conjugated onto the 5 <-terminal amine of 

the CPG supported oligonucleotide. After completion 

of the synthesis, the terminal amine of the peptide 
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was acetylated using a standard peptide capping 
protocol . 

The synthesis column was then placed onto an ABI 
DNA synthesizer and the peptide-oligonucleotide was 
cleaved off the support and purified by HPLC using 
the conditions as previously described to produce the 
peptide-oligonucleotides Ac (Phe-Ala 2 ^NHCCH,) - 

phosphate 5' GGC ACC ATT AAA GAA-AAT ATC ATC T-3 ' . 

Ligation of the peptide-oligonucleotide to a 
■ fluorescent-labeled oligonucleotide in the presence 

of an oligonucleotide target was performed as 

described in Example 7A. CE analysis is shown in 

Figure 9. 

Example a 

Capillary F1 ertronhoreti r, go r ~ a tinn nf P ~^„ 
Capillary electrophoresis (CE) was carried out 
usxng a CE breadboard including a laser-based 
detector. The system includes a high-voltage power 
supply, a manual vacuum pump, and a PUT detector with 
a 530 nm RDF filter on the detected light. The laser 
was a 40 mW Ar ion laser. The capillary tube used in 
the system was a fused silica capillary tube 55 cm 
long with a 50 urn i.d. and 350 m . 

The grounded cathodic reservoir and the anodic 
reservoirs were filled with 75 mM tris-phosphate, p H 
7.6, containing 8 M urea. 

A DNA mixture containing the four 26 mer 
oligonucleotides derivatized with 0, i, 2 , or 4 
Phosphate-linked HEO units, prepared as in Example 4, 
was diluted with 89 mM tris-borate buffer, pH 7.6, to 
a final DNA concentration of about 10" 8 M. About 2 
nanoliters of the DNA solution was drawn into the 
cathodic end of the tube by electrokinetic injection. 
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The electrophoretic system was run at a voltage 
setting of about 15 kv (about 270 V/cm) throughout 
the run. Fluorescence detection was at 530 nm. The 
detector output signal was integrated and plotted on 
an HP Model 3396A integrator/plotter. 

The electropherogram obtained is shown in Figure 
6. The numbers above the major peaks are 
electrophoresis times, in minutes. Total run time 
was about 22 minutes. The fastest-running peak, 
havmg a run time of 20.397 minutes, corresponds to 
the underivatized oligonucleotide. The 
oligonucleotides with 1, 2, and 4 HEO groups have 
migration peak times of 20.612, 20.994, and 21.558 
respectively. ' 

Example 7 

Template Derived Pm^. ^ d r^,^ 

Separation 

A. Ligation of Probe Elements 

A first probe having the sequence 
5' GGC ACC ATT AAA GAA AAT ATC ATC T-3 ' was 
derivatized with a either a tetrapeptide Phe-Ala-Phe- 
Ala, or an octapeptide Phe-Ala-Phe-Ala-Phe-Ala-Phe- 
Ala according to methods given in Example 5. A 
25 second probe having the sequence 

5' P-TTG GTG TTT CCT ATG ATG AAT ATA G JOE 3' was 
prepared by standard methods. 

The probes were targeted against a 48-base 
oligonucleotide representing the F508 region of the 
30 cystic fibrosis gene. Probe hybridization to the 
target and ligation of the hybridized probes was 
performed substantially as follows: 

Peptide-derivatized oligonucleotide (50 nM, 20 
Ml) , and the f luorescence-labeled oligonucleotide (50 
nM, 20 M l) were mixed with target oligonucleotide (50 
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m > 20 ni). sal 

"action buffer ^Zl^T, " ' 10 * 

™ "9C1,; 100 mK dithioth™ V , PH 7,1; 1 M ^Cl; 100 

^- inedinucletlde 7^ to1 ' « - nicotinamide- 
5 units/,!, techno':, ^ <>° <»its, 100 

«) ana loo „i of distil topll *«*' Madison, 

a Perki n - Elmer c "1 °* on and heated i„ 

at 94 -c for , minutes < * cUr (Nor » a ", cr, 

" minutes. tten at «'C for 60 

E - Capillary Electrophoreti,- c 

a Non-sieving Medium Oration of Probes in 

A released ligated 
" above „ as ethanol precL" ^ 

electrophoresis in a no T bV CE 

"PiUary tube was . ££££ 
scientific, P olso», ca, 55 1 ? CaP1 " ary (JSB 
detector. The cani],, 9 ' 40 •» to 

0 surfactant ™ »*» a 

render the capillary wan 1 el *«rophoresis to 
variety o, surfactalj SU c h hydr ° PWliC - A 
ieffamine class surfalnT " ^ "* TWEEN** 
purpose. Octants, are available for this 

A 10 „i sample, heated to 95-r- , 
»as drawn into the tube. The buf , * lnUteS ' 
electrophoresis medium was a 7 T lZ ™ 
•»««. PH 8.0, a „ urea 10% 
Blectrophoretic run condltW " e0H - 
^ampie 6. The e le ctrL he ** « 

«*ure S , discussedl::: 6 "^ ™ *»» * 
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(1) 5' GGC ACC ATT AAA GAA AAT ATC ATC T-3 • 
deriyatized at its 5' end with a either a 2 or 4 unit 
DEO (dodecyl ethylene oxide, poller chains, 
according to synthetic methods described in Example 
5 4 except m this case the units are 12 mers (a or 4 
12mers) of ethylene oxide; 

(2, 5' P-TTG GTG TTT CCT ATG ATG AAT ATA G 3 -JOE 
prepared as in Example 7. 

(3, 5' KOX-CTA TAT TCA TCA TAG GAA ACA CCA AA 3 -OH 
» Prepared according to published methods (Applied 
Blosystems); and PP-iiea 

M> S'-P-GAT GAT ATT TTC TTT AAT GGT GCC-3' TAMRA 
prepared with 3-A.ine-OH CPG, 5 -Phosphate-O^ 
Ta^ra-NHS (ABI) using published meth J ™ 
B^osyste-s, Caruthers, Connell) . 

one strand of the P 50 8 region of the cystic ,i bros is 

to sir" ? - P " bes 3 - « «e designed 

to span the sa»e portion of the P508 region of the 

«1/L Tris.^'hu^er XT " 
of v+ 1n , ' PH 7 * 6 ' staining 100 mmol 

Or K 10 mmol Of Mrr 2 * in 

-i „» „ ^ ' ° ™° cl of "ithiothreitol, 1 

«. of Trxton x-100, and 1 mol ot NAD - 

Each 100 11L of reaa-i™, 

each of ^ ! reactlon »i*ture contained 1 p mo l of 
each of the four oligonucleotides and 15 u of 
theraal-stable ligase (Epicentre Technologies, 
Madison, WI,. to oin i c the COTple3£ity of ^ 

~' 4 " 9 ° f b *"^ DNA to each 

reaction mixture. R e3f .fi„^ . 

T , . -Reactions were carried out in 100- 

A*L aliquots overlayed with 100 „t • 
_.. * w -«-"i 100 of mineral oil in 

Thin Walled Gene-Amp~ (Perkin-Fimo,- n + 
en r-^^,- ^ w jerkin-Elmer Cetus, Norwalk, 

ctj reaction tubes. All lot t. A9 _«. • 
_ , . AJ " L LCR reactions were run in a 

Per^n-Elaer Cetus B odel 960 „ theraal cycler for 30 



WO 93/20236 



PCT/US93/03048 



69 



10 



cycles of 94 o C uos) and 60-c (2 min) ^ 

the cycling protocol th. . . ' th * end ° f 

9 P orocol, the reactions were cooled to 

The sample was ethanol precioit^o,* ^ 
by CE electrophoresis in » PreClpitated and analyzed 
capillary tubf Ca co " ^ -"-sxeving matrix. The 
7- A i7ul stZT V binary, as in Example 

* J-u Hi sample, heated to 95 »r f«r •> ■ . 
drawn into the tube. The bJ/ »«mtes, was 

elector,* • buffer medium and 

^Zl Z7o S ST 1 " 3 75 ^ -^~ate 

ziec^;; 1 10% (v/v) MeoH - 

Example 7 Th e T ™ dltl «» — as described in 

P-te 7. The electropherogram results are eh 
Figure ii, discussed above. ^ ln 
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Example q 
PNA Securing in , it,,,, S j w<wq T < 



DNA sequencing in^^^^^ . 
is carried om- k„ . h the ln vention 

chain ^17,17^^ *°^>*°ly»*r 

juyates as sequencing primers in 
standard chain termination 

seguencLg ^L^^T* * '«» *« 

the presence of n^TltZZLT^^ ** 
and chain terminating nucleotitT^ 0 ^ 0 " 
— of different sized DNA frail/ * ^ " 
tether primers are lab eied ZZZV^"^ °" 
l^eied. The DHA fragments «ch 1" ter «™*°" «• 
origin— tho ki .,• 9 " ents each have a common 

-ase and L " ! POly * er ' • » 

Poller chain C °«ed to the same 

non-sieving iw! 03117 * si « *» a 

in 3 liquid medium. 



20 



25 



WO 93/20236 



PCT/US93/03048 



70 



20 



25 



30 



in this example, the following 47-mer synthetic 
polynucleotxde is employed as a sequencing template. 

5 • -TCTATATTCATCATAGGAAACACCAATGATATTTTCTTTAATGGTGC-3 < 
The following prilner havlng „ X1 _ mer hej£ae 

oxide polymer chain is synthesized as described in 
Examples 1-4: 



ene 
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1 5 ' - (HEO) ll-GCACCATTAAAGAAAATATCAT-3 ' 

!otr^ ff " CarrlSd ° Ut ° n an Applie<i ""systems 
model 373 automated DNA sequencer using the 

manufacturer's protocol for sequencing reactions 

viTth ; 1 ?^" ed ° hain teraiMt ^ nucleotides, 
with the following exception, since the capillary 
separation apparatus of Example 7 is not configured 
for four color fluorescence measurements, four 
separate reactions are carried out: one for each of 
the four chain terminating nucleotides. After 
meltmg the extension products from the template in 
accordance with the manufacturer- s protocol! the 
extension products of the four sequencing reactions 

as des e cri r r d ely * el *=W"sis 

as descnbed in Example 7. As expected, two peaks 

are observed with the dideoxycytidine extension 
products, seven peaks are observed with the 
dideoxyadenosine extension products, ten peaks are 
observed wl th the dideoxythymidine extension 
products, and six peaks are observed with the 
dideoxyguanosine extension products. 

Although the invention has been described with 
reference to various applications, methods, and 
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compositions, it will be appreciated that various 
changes and modification may be made without 
departing from the invention 
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IT IS CLAIMED: 



5 medium comprising non-sieving 

attached polymer chain „h a " d an 

oharge/translational frictional drag 

„ 1 * non-sievmg matrix, and 

detects the tractionated polynucleotide (s) . 

chain! \ Beth0d °' ^ Wherei » Poller 
di«l n T: SUbStantla11 ^ «» — lengths, IJZl 
5UenCe POl ~« ide (s) have di«erent 

20 

3. The method of claim -> * 
aideo*v chain terminal le~ Se ^ n ^ ™ * 
are forced using a T-T^ T l^ POl ™°«<*s 
■ is covalently hound! Whl ° h P ° lyMr chain 

25 

segue! ^tiT^ 
Nucleotides that are^L^Ii 
spectrally resolvable dyes eff.H- • 1 iaceled with 

5. The method of claim i « 
target seguences i„ ^ " l ' *« «*-tlng one or more 

» includes the steps of ' ' Wherei " f °™ in * 
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providing one or more dif ferent-,.™ 
each different-sequence oroh. ^ probe < s >. 

reporter label and a„ attT ^ * 

Mparts to each difrerL ctol » *** 

5 distinctive ratio !rT SeqUenCe pol ^*°tide, a 
drag, °* ^'^ranslational frictional 

^"^S-^S^J 1 * ' — P °>~de 
sequence-co^pie^;^ s ^"^"^-ion of 

0 Polynucleotide, where the T targSt 
i-obili 2 ed on a soiLT ' "^"-leotide is 
reacting * SUPP ° rt before - *"er said 

washing the immobilized t»™„.. 
remove p robe(s) not bound to ZZrlTT^ *° 
» a sequence-specific manner arT pol y™°leotide in 

Polynucleotide, to Lrm i Lerent s " ^ ^ ^ 
Polynucleotides fo,- ! «ent-sequence 

tides for electrophoretic separation. 

6. The method of cla<™ c . 

sequence probe (s) have k ! di «erent- 
e(s) have substantially the same length. 

7. The method of claim i * 

target sequences in a samnl! k ° ne « «« 

includes the steps of <T'' " 

polynucleotide one « 1 9 t0 * tar9et 

probe having first and 8e *»»«-»Pecific probes, each 

which are effect" t IT"* ^ 0li ~~tides 

target sequence and w^ " *° r ^ in • 

p-be oiig»::L:: es w t e d one of said first and 

*ain, (ii, reacting "id polymer 

PolynucieotidTundl ^L^'' tte tar ^ 

first and second I, J ^""* *° bl " d said 

their specif ic target ° ll9 ° nUCle ° tid « *» each probe to 
^ J - C ta rget sequences /i{,-> -, • 

h «nces, (ixij iag a ti n g said 
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olxgonudeotic.es bound to the target polynucleotide u„d e , 
conditions effective to ligate the end subunits of * 
target-bound oligonucleotides when their end subunits are 
base-paired with adjacent target bases, to form ligated 
Probes,, and ( iv, releasing the ligated probefs, from 
the target polynucleotide to for. said different-sequence 
polynucleotide (s) . 4"ence 
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8. The method of claim 7, wherein said polymer 
cha ln is attached covalently to said first probe 
oligonucleotide, and each said second probe 
oligonucleotide is reporter-labeled. 

9. The method of claim 7, wherein prior to said 
releasing, said ligated probe (s) are amplified by 
repeated cycles of probe binding and ligation. 

10. The method of claim 7, wherein the second probe 
oligonucleotide in each probe includes two alternative- 
sequence oligonucleotides which ( i, are complementary to 
alternative sequences in the same portion of an 

l^rttVrT "* ™ d ^vati,ed with 

different detectable reporters, and said detecting 
includes determining the mutation state of each said 
target sequence according to (a) a signature 
electrophoretic migration rate of each probe, which 
identifies the target sequence associated with that 

ide^f"" * 3 Si90atUre " POrter n ° let *' *** 
identifies the mutation state o, that target sequence. 

11. The method f claim X, for detecting one or 

TncLr 9 ^ SSqUenCeS ^ 3 SMPle ' " herein *™ 
includes the steps of (i, adding to a target 

polynucleotide one or more sequence-specific probes, each 
probe having first and second sequence-specific primer 
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oligonucleotides trh-s^w 

opposite end regil* T T eCtiVe t0 «th 
Polynucleotide ' re^T* « a 

Primer oU^nucieoU.e J efo, thB 
5 3 ^-Pe=i f i= poller ^ ""^ iS ^"atized vith 
probe (s) vith tt cn * ln ' <"> reacting the 

Active to b £ hoTp^TT^ — 
opposite end region, „ ° ll 9°"ucleotides to 

» ' -=-ent,s, by priner! Jtltl ' r^"*" 9 

to form ampli, ied aiff "^f^ chain reaction 

Afferent-sequence polynucleotide (s, . 

12 - Tn = method of clai» 
«=ond pri Ber oli gonuc ,„ T ' Mch "id 

5 said ^ifferent-^::::^ 6 ^"^abeled. and 
stranded. Polynucleotide(s) are double 

13 • The method of ei»i,» , 
^eludes the steps of M) add / ^ for » in 9 
Polynucleotide one or » ' ' tar ° et 

Probe containing a firsrsinT enCe ~ SPeC " ic probes < "* 
a second seg»ent which < "T e " Stran<ied DK * "gment, and 
"herein the poller cL Sin ' le -tranded rna, 

-o-ent, ana the ^tett^e" *° 
"id second seg^t Ui, LT"" ^ iS to 
target Polynucleotide unL ^"' Pr0be<S) "" h «» 
«" first and second seg» en t s l '""^ *» bi "< 

sequences in the target !!, specific target 

hybridized probe an P ° ls ™°«°e. (Hi, reacting 

RNA/ DNA substrate a " »»« enzyme specific for 
^Cing the poly^ J£* - ^beled probe (s) 

Modified and modified ^beT „ ' relMSing both 
Polynucleotide to ,or» said d ^ Pr ° be(S) *"* *» target 
polynucleotide (s) ai «orent-sequence 
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14. A probe composition for use in detecting ™ 

polynucleotide, comprising 

a plurality of sequence-specific probes, each 
5 characterise by ( „ a blndina polyner P having ^ 

probe-specific sequence of subunits designed for 
base-specific binding o, the polyner 

seances, under selected binding conditions, anT,b ' 

11 all char **/tran S lational frictional drag which 

xs different from that of the binding polymer. 

D olv„ 15, K The CO,npOSiti ° n ° f 14, wherein said 

15 polylthvl SSleCted fr °- «-^«ng of 

polypeptide o°i ' POly9lyC °"= Polylactic acid, 

£J™ I ° ll30ss « har "e, and polyurethane, 
polyamxde, polysulfonamide, polysulfoxide, and block 
copolymers thereof, including polymers composed of Lite 

sem " ' The . CO,,lposition «* =lai- 14, wherein each 

and contiguous regions of a selected target sequence 

t tTlar eT i0n * ^ M " U - -Tb-d 
the p 01 lT h 9061,06 in * S ^ en «-Peci,ic manner, and 
2111*7 " taChed t0 41,6 f ir " bi "«"9 Poller 

c^ , 63 li5 " ed Pr ° be PSir ' a Oistinctivf 
coined ratio of charge/translati nal frictional drag. - 

se™ " ' The . CO,,, P osi «°« «* claim 14 , vherein each 
sequence specific probe further includes a second binding 
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poller, where the first-mentioned and second binding 

bind 1 3 Sa9Uen «- S ^i"= P«b. are effective to 
bind m a base-specific Banner to opposite end regions of 
opposite strands of a selected duple, target sequent 
allowing primer initiated polarization of the^rge^ 
region in each strand, and the poller chain attached to 

region"" d t^ ^ ^ <° "= h "°^eri 2 ed 
region, a distinctive combined ratio of 

charge/translational frictional drag. 

" • The c °»P°sition of claim 14, wherein each 
sequence-specific probe includes a binding polymer 
composed of a first single-stranded DNA segment and a 
second segment which includes single-stranded RNA, 
wherem a polymer chain is attached to said first 
segment, a detectable reporter is attached to said second 

whlT T ea ° h P ° lyner *W *° «» P^e to 

which said polymer chain is attached, a distinctive ratio 
of charge/translationa! frictional drag. 
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